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ELEMENTS OF ANATOMY. 



INTEODUCTION. 



Anatomy, in its most extended sense, is the science which deals with the 
structure of organized bodies. It is divided into departments according to its 
subjects ; such as Human Anatomy ; Comparative Anatomy, or the study of the 
structure of different animals ; and Vegetable Anatomy, comprehending the 
structure of plants. 

On examining the structure of an organized body, we find that it is made up of 
members or organs^ by means of which its functions are executed, such as the root 
stem and leaves of a plant, and the heart, brain, stomach and limbs of an animal ; 
and farther, that these organs are themselves made up of certain constituent 
materials named tissms or futures, such as the cellular, woody, and vascular tissues 
of the vegetable, or the osseous, muscular, connective, vascular, nervous, and other 
tissues, which form the animal organs. 

Most of the tissues occur in more than one organ, and some of them indeed, as 
the connective and vascular, in nearly all, so that a multitude of organs, and these 
greatly diversified, are constructed out of a small number of constituent tissues ; 
and parts of the body, differing widely in form, construction, and uses, may agree in 
the nature of their component materials. Again, as the same tissue possesses the 
same essential characters in whatever organ or region it is found, it is obvious that 
the structure and properties of each tissue may be made the subject of investigation 
apart from the organs into whose formation it enters. 

The foregoing considerations have led to the subdivision of anatomy into two 
branches, the one of which, under the name ** General Anatomy," or " Histology," 
treats of the minute structure of the component tissues of the body ; the other, 
named " Special or Descriptive Anatomy," treats of its several organs, members, and 
regions, describing the outward form and internal structure of the parts, their 
relative situation and mutual connection, and the successive conditions which they 
present in the progress of their formation or development. 

To the description of the origin and formation of organs in the embryo, a special 
chapter is devoted in this work, under the name Embryology. 

The study of anatomy may be viewed in two different aspects ; viz., the physio- 
logical and the morphological. In the former, anatomy supplies the materials 
relating to structure &om which an explanation is sought of the uses or functions 
of organs by the physiologist ; and for this purpose the study of histology is of 
particular service. In its morphological aspect, anatomy investigates and combines 
the facts relating to the structure and relations of organs, from which may be 
deduced general principles as to the construction of the human body or that of 
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2 INTKOPUCTION. 

animals. In the determination of these general principles, or laws of morphology, 
it is necessary to combine the knowledge of the anatomy and development of 
animals with that of man, 

PIiAN OF OnaANIZATION. 

Vertebrate type. — ^The general plan of construction of the human body agrees 
olosely with that which prevails in a certain number of animals, viz., mammals, 
birds, reptiles, amphibia, and fishes, and is known as the vertebrate type of organi- 
zation. The main feature of that type, and that from which its name is derived, 
belongs to the internal skeleton, and consists in the existence of a median longi- 
tudinal column, which extends through the whole trunk, and is composed in the fully 
developed state of a series of bones termed verlebrcB. This vertebral column is formed 
in the early embryo around a simple rod-like structure, the primitive skeletal axis, 
which is called the notochord^ and which in most vertebrate animals disappears to a 
greater or less extent in the course of development. The more solid portions of the 
vertebr83 immediately surrounding the notochord are known as the hodiss or centra 
(figs. 2 and 3), and constitute a pillar around which the other parts are grouped 
with a certain regularity of structure. At one extremity of this piUar is situated the 
head^ showing in almost all the animals formed upon this type a greater development of 
its constituent parts ; and at the other the tailm which an opposite character or that 
of diminution prevails ; while on the sides of the main part or trunk, there project, 
in relation with some of the vertebral elements, two pairs of symmetrical limbs. 

The head and trunk contain the organs or viscera most important to life, such as 
the alimentary canal and the great central organs of the vascular and nervous 
systems, while the limbs, from which such principal organs are absent, are very 
variable and differ widely in the degree of their development among the various 
animals formed upon the vertebrate type. In man and the higher animals the trunk 
is divisible into neck, chest, abdomen, and pelvis. 

The vertebrate form of skeleton is invariably accompanied by a determinate and 
conformable disposition of the other most important organs of the body, viz. : — 
firstly, the existence on the dorsal aspect of the vertebral axis of an elongated cavity 
or canal which contains the brain and spinal cord, or central organs of the nervous 
system ; and secondly, the existence on the ventral aspect of the vertebral axis of a 
larger cavity, the visceral cavity, body cavity or ccUom, in which are contained the 
principal viscera connected with nutrition and reproduction, such as the alimentary 
canal, the heart and lungs, the great blood-vessels, and the urinary and generative 
organs. 

The general disposition of the parts of the body and of the more important 
viscera in their relation to the vertebral axis are shown in the accompanying 
diagrams of the external form and longitudinal and transverse sections of the human 
embryo at an early period of its existence. 

Segmentation of the body. — The vertebrate type of organisation in the repetition of 
similar stmctaral elements in a longitudinal series, has a segmented ohaiacter, especiallj in 
the axial portion of the body, and this segmentation affects more or less, not merely the 
skeletal parts of its stractnre, but also, to some extent, its other component organs. 

A segmented plan of construction is by no means restricted to vertebrate animals, but exists 
in several other classes of the animal kingdom, as is most conspicuously seen in the Arthropoda, 
such as insects and Crustacea, and in the Annelida or worms. These animals, however, although 
showing a serial repetition of parte of like structure, are not considered to belong to the verte- 
brate type of organization. 

In the human embryo, as in that of all vertebrate animals, the segmsntation is most marked 
hi the muscular system, the nervous and osseous systems becoming for the most part corres- 
pondingly marked off : in the adult the osseous and nervous systems retain in great measure 
the segmentatioii which has thus been produced, although in the muscular system it has 
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Fig. 1. — Diagram op an early human embryo. (Allen Thomson.) 

Sf 8y indications of the vertebral divisions along the line of the back ; r, i/, upper limb ; t, /, lower 
limb ; u, umbilical cord. In the cranial part the divisions of the brain are indicated, together with 
the eye, and au, the auditory vesicle ; near 6, the visceral arches and clefts of the head, forming intej' 
alia the rudiments of the upper and lower jaws. 

Fig. 2. — Skmidiaqrammatio vibw op a longitudinal section op the embryo represented in 

FIGURE 1 ; showing THE RELATIONS OP THE PRINCIPAL SYSTEMS AND ORGANS. (Allen ThomSOU.) 

1, 2, 3, 4, 5, primary divisions of the brain in the cranial part of the neural canal ; n, n, spinal 
cord in the vertebral part of the canal ; s, spinous process of one of the vertebrae ; cA, chorda dorsalis run- 
ning through the axis of the vertebral centra ; ch'y the same extending into the base of the cranium : a, 
dorsal aorta ; jo, pharyngeal cavity ; t, i, alimentary canal : A, ventricular part of the heart, with 
which the arterial bulb is seen joining the aorta by arches ; &, visceral arches of head ; l^ liver ; ?r, 
Wolffian body ; t% urinary vesicle or allantois, joining the intestine in the cloaca, cl ; ti, u^, umbilicus. 

Fig. 8. — Transverse section (diagrammatic) of the trunk op the embryo through the upper 

LIMBS. (Allen Thomson.) 

m, spinal cord ; n, neural or dorsal arch, including bone, muscle, skin, roots of the nerves, &c. ; 
ch, chorda dorsalis, surrounded by the vertebral body or centrum ; r, ventral or visceral arch, or wall 
of the body ; jp, p, body cavity ; t, alimentary canal ; h, heart ; Z, I, the rudimentary limbs. 



Fig. 4. — First dorsal vertebra with the first rib and upper part of the sternum, seen from 

ABOVE. J. 

C, centrum ; N, neural cavity ; V, cavity of the chest, visceral cavity. 
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4. .... INTKODIJCTIONr 

booome greatly obscnred. To the original segments in the embryo the terms protovertebra^ 
inetohlastie somites or myotomes have been applied ; those segments or metameres which are 
traceable in the adult are often spoken of as vertebral segments. In the limbs, although there 
is strong reason for believing that they have originated as outgrowths of certain segments of 
the trunk, the repetition of such vertebral elements, and their primitive connection, are 
greatly obscured. 

Homology. — ^A certain agreement in structure, situation and connection of 
parts or organs constitutes what is called homology^ and this term is generally 
employed to indicate the morphological identity of representative parts in different 
animals, which may be considered to have its cause in community of origin {homo- 
ffenij, Lankester), while the anatomical correspondence of parts which are repeated 
in the same animal may be more exactly distinguished as serial homology {homo- 
dynamy, Gegenbaur). Thus the arm-bone or humerus of a man is homologous 
(homogenetic) with the upper bone of the fore limb of a quadruped, or of the wing 
of a bird, while it is at the same time serially homologous (homodynamic) with the 
thigh bone of man himself, or any other vertebrate animal. It has farther been 
found convenient to express by the word analogy that kind of resemblance among 
the organs of animals which depends upon similarity of function, and although it 
may be accompanied by considerable agreement in structure, yet is not rendered 
complete by anatomical relation and connection : for example, the gills of a fish, of 
a crab, and of a mussel, serving the same function, are analogous organs, but in no 
sense homologous, as all morphological correspondence, or genetic relation, is wanting 
between them. Thus also, the upper limb of a man, the fore limb of a quadruped, 
the wing of a bird, and the pectoral fin of a fish are homologous but not analogous 
structures, the wing of a bat and the wing of a bird are both homologous and 
analogous, while the last is analogous to but not homologous with the wing of an 
insect. 

Symmetry of form. — ^A remarkable regularity of form pervades the organi- 
zation of certain parts of the body, especially the whole of the limbs, the head and 
neck, and the framework, at least, and external walls of the trunk of the body. 
Thus, if we conceive the body to be divided equally by a plane which passes from its 
dorsal to its ventral aspect (median plane), the two halves, in so far as regards the 
parts previously mentioned, correspond almost exactly with each other, excepting by 
their lateral transposition, — and the human body thus shows in a marked manner 
the character of bilateral symmetry. There is, however, a departure from this 
symmetrical form in the developed condition of certain of the internal organs, such 
as the alimentary canal from the stomach downwards, the heart and first part of the 
great blood-vessels, the liver, spleen, and some other viscera. 

Descriptive terms. — In the description of parts so numerous, so various in 
form, and so complex in their connections as those composing the human body, there 
is difficulty in finding terms which shall indicate with sufficient precision their 
actual position and their relation to the rest of the organism. This difficulty is 
farther increased by the exceptional erect attitude in which the trunk of the human 
body is placed as compared with the horizontal position in animals. Hence, a 
number of terms have long been in use in human anatomy which are understood in 
a technical or restricted sense. For example, the median plane, already referred to, 
being that by which the body might be divided into right and left lateral halves, 
and the middle or median linehemg that in which the median plane meets the surface 
of the body, the words inteiifial and external are used to denote relative nearness to 
and distance from this plane on either side, and may be replaced by mesial and 
lateral. The terms sagittal, frontal, and coronal, are also used in indication of 
direction within the body : sagittal denoting a dorso-ventral direction in or parallel 
to the median plane, frontal or coronal a transverse direction perpendicular to that 
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plane. The words anterior and posterior^ superior and inferior^ and several others 
indicating position, are employed in human anatomy strictly with reference to the 
erect posture of the body. But now that the more extended study of comparative 
anatomy and embryonic development is largely applied to the elucidation of the 
human structure, it is very desirable that descriptive terms should be sought which 
may without ambiguity indicate position and relation in the organism at once in 
man and animals. Such terms as dorsal and ventral^ neural and visceral, cephalic 
and caudal, central and peripheral, proximal ^nd distal, axial and appendicular, pre- 
axial and postaxial, are of this kind, and dught, whenever this may be done con- 
sistently with sufficient clearness of description, to take the place of those which arc 
only applicable to the peculiar attitude of the human body, so as to bring the 
language of human and comparative anatomy as much as possible into conformity. 
In many instances, also, precision may be obtained by reference to certain fixed 
relations of parts, such as the veriebral and sternal aspects, the radial and ulnar, and 
the tibial and fibular bordera, the flexor and extensor sur/aces of the limbs, and 
similarly in other parts of the body. 



EMBRYOLOGY.* 

By E. A. SCfHAFEB. 

1 

FOBMATION OF THE BLASTODEBM. 

BTBUOTXTBX OV THX OVUM AKD OHAMQIBB PRIOR TO BXaMSNTATION. 

, The hmnan body with all its tissues and organs is the product of the development 
of a single nucleated eel?, the egg-cell, germ-cell, or ovum, which is formed within 
the principal reproductive organ of the female or ovary. The commencement ol* 
development is preceded by certain changes in the ovum, which usually occur soon 
after its dischai^ge from the ovary, and consist (1) in the emission of certain 
constituents of the nucleus which form the so-called polar globules ; (2) in the 
accession of the nucleus of a sperm-cell or spermatozoon, which is formed within the 
reproductive organ of the male (testicle), and which, blending with the remaim'ng 
part of the nucleus of the ovum, appears to take the place of the part which was 
discharged in the form of the polar globules. 

An account of the structure of the ovum, and of the manner in which the above 
changes are effected, may therefore appropriately precede the description of the 
actual course of development of the ovum. 

Structure of the ovarian ovum. — The human ovum resembles that of all other 
mammals (with the exception of monotremes) in its minute size. Immediately 
.before the time of its discharge from the Graafian follicle of the ovary in which it 
has been formed, it is a small spherical vesicle measuring about y^th inch ('2 mm.) 
in diameter, and is just visible as a clear speck to the naked eye. When it is 
examined with the microscope, it is found to be invested by a comparatively thick, 
clear covering. This, when the centre of the ovum is exactly focussed, has the 
appearance in optical section of a clear girdle or zone encircling the ovum (fig. 5), 
and was hence named zona pellucida by von Baer (1827). But on more careful 
examination w^ith higher magnifying powers, and especially by the examination of 
sections, there is not much difGiculty in making .out the existence of striss passin;^' 
i*adially through the membrane (fig. 6, zp). On this account, and especially since \\ 
similar radially striated membrane forms a characteristic part of the investment of 
the ovum in many animals belonging to widely different classes, it is more convenient, 
in place of the name zona pellucida, which has been exclusively used to designate 
this investment in manmials, to employ the more general term zona radiaia^ or to 
speak of it simply as the striated membrane of the ovum. 

The zona radiata of the mammalian ovum is sufiiciently tough to pi*event the 
escape of the contents of the ovum, even when subjected to a considerable amount 
of pressure. If, however, the pressure be excessive, the tunic splits, and the soft 

^ It is mainly owing to the Tesearches of His, pablished principally in the important monogmpli 
" Anatomie menBchlicber Embryonen '* (Leipzig, 1880-1885), that our knowledge of the doTelopment of 
the human embryo is now far more complete than was the case when the last edition of this work was 
undertaken, and we are therefore able to keep more closely than was before possible to the human 
species in following the course of dcTelopment of the ovum. For the elucidation, however, of many of 
the details of development, especially in its earlier stages, it will still be necessary to refer continually 
to facts which hare been made out only from the study of the embryology of other mammals, as well as 
birds, reptiles, fishes, and even invcrtebrata. 



STRUCTURE OP THE OVUM. 7 

contents are extruded (fig. 6, b). The strias in the membrane are believed to 
be minute pores, and are supposed, while the ovum is yet within the Graafian 
follicle, to permit the passage of granules of nutrient material into the interior of 
the ovum. After the ovum is discharged from the follicle, the spermatozoa may 
perhaps find their way into the ovum through these pores. According to Retzius 
the protoplasm of the ovum is united with the follicle-cells by fibres which pass 
through the pores of the zona. 

Immediately snrroundmg the zona radiata, as tlie ovom lies within the mature Graafian 
follicle, is a thin stratum of granular substance, probably deposited upon the exterior of the 
ovum by the innermost cells of the discus proligerus, which immediately encircle the ovum 
within ihe f oUicle. When the Graafian follicle bursts and the ovum is set free, this granular 
material appears to imbibe water, and, as is specially noticeable in the ovum of the rabbit, 
swells up into a clear gelatinous envelope, which has been termed, from a possible homology 
with the white of the bird's egg^ the albumen. But in the mammal this structure has not 
the nutritive importance to the embryo which is possessed by the corresponding formation 
in the bird, and it disappears during the j)a8sage of the ovum down the Fallopian tube. 

The substance of the ovum within the tunica radiata is known as the vitellus 
or yolk (fig. 6, vi). It is a soft semi-fluid substance, composed mainly of proto- 
plasm, which is filled with globules and granules (yolk-granules) of different 








Fig. 5. — Ovarian ovum of a uahmifer. (Allen Thomson. ) 

Oy the entire ovum, viewed under pressure ; the granular cells have been removed from the outer 
surface, the germinal vesicle is seen in the yolk substance within ; 6, the external coat or zona burst by 
increased pressure, the yolk protoplasm and the germinal vesicle having escaped from within ; c, germi- 
nal vesicle more freed from the yolk substance. In all of them the macula is seen. 

Fig. 6.— Ovum op the cat; hiohlt magnified, semi-diaokammatic. (E. A. S.) 

zpy zona pellncida, showing radiated structure ; i% vitellus, round which a delicate membrane ia 
seen ; </r, germinal vesicle ; gs^ germinal spot. 

sizes, but all small, and possessing a higli index of refraction. Examined in the 
fresh condition, the protoplasm between the granules looks perfectly clear aud 
structureless, but after treatment with suitable reagents, it may be seen to consist of 
a fine reticulum, which is especially fine and close near the periphery of the ovum, 
and also around the germinal vesicle, at which places the yolk granules are in less 
amount than elsewhere. The substances which occur within an ovum other than 
the nucleus and protoplasm, may, as in cells generally, be collectively designated 
" deutoplasm " ; they are regarded as furnishing a supply of nutrient matter to the 
protoplasm during the earher stages of development. 

Embedded in the protoplasmic vitellus, usually eccentrically, is a large spherical 
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nucleus, which was termed by its discoverer, Purkinje, the gprminal vesicle,^ This, 
which is about 5-J-oth inch in diameter, has all the characters of the nucleus of a 
cell* It consists of a nuclear membrane enclosing a clear material or matrix, 
embedded within which may be seen strands of karyoplasm, enclosing one or more 
well-marked nucleoli (fig. 6, gv). Frequently there is but one nucleolus, which is 
then large and prominent, and has received the name of (jerminal spot {macula ger- 
minativa, Wagner, 1835). 

There is some doubt whether, before fertilization, there is another membrane (vitelline 
membrane) enclosing the vitellus within the zona radiata. The evidence of the presence ol 
such a membrane is by no means clear, although its existence haa been maintained by very 
competent observera (v. Beneden, Balfour). 

The mammalian ovum (that of monotremes alone excepted) differs from that of other 
vertebrates in the relatively small amount of nutritive material (yolk granules, deutoplasm) 
which is embedded in its protoplasm. In fishes, amphibia, reptiles, and especially in birds, 
the amount of such nutritive material is vastly grectcr than that of the protoplasm itself, so 
that the very existence of the latter is obscured in most parts of the ovum, and it is only in 
the immediate neighbourhood of the ge rminal vesicle that the protoplasm can be distinctly 





Fig. 7. — Diagram op a holoblastic (alecithal) ovum (A) and op a mkroblastic (telolecithal) 

OVUM (B). (E. A. S.) 

Only a small part of the latter is represented. The yolk or food material is represented in both by 
clear globules, which in B are seen vastly to preponderate, except in the immediate neighbourhood of 
the germinal vesicle. 

recognized (fig. 7, B). It is here also that, after fertilization, the more active changes in the 
ovum occur, and it is this part alone in which in the bird and most other oviparous vertebrates 
the process of division or segmentation of the yolk and consequent formation of embryonic cells 
proceeds. Hence these ova are said to undergo a process of incomplete segmentation, only a 
part of the ovum appearing to undergo development, and they are accordingly termed uwro- 
blastic to distinguish them from those (like the mammalian ova) in which the yolk or nutri- 
tive material is everywhere in relatively small proportion to the protoplasm, the whole of 
which undergoes division after fertilization, and participates in the formation of the embryo 
i^/i^Ioblagtic ova). This small amount of nutritive material in the mammal is obviously 
related to the fact that the mammalian ovum early acquires an attachment to the maternal 
system from which it is then able directly to derive its nutriment, whereas the meroblastic 
ovum of oviparous vertebrata necessarily contains all the nutriment required by the developing 
bird, reptile, or fish, until it is sufficiently advanced in development to emerge from the egg 
and obtain food independently. Although, however, the mammalian ovum is holoblastic, it 
is none the less clear, from a comparison of the early stages of its development "wath that of 
the bird, that the ancestors of the mammalia must have had ova of the meroblastic type. 

Balfour has further conveniently distinguished between those ova in which there is a great 
accumulation of nutritive or yolk material at one pole {telolecithal ova, as in the bird, 
reptile, and fish amongst vertebrates), those in which the accumulation of yolk is in the middle 
of the ovum (emtrolecithal ova, as in arthropods), and those in which it is scattered pretty 
equally in small amount throughout the protoplasm without any very marked accumulation 

^ Purkiige discovered the germinal yesicle in the bird's ovum in 1825 ; that of mammals was first 
noticed by Coste in 1838. 
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ialecithal ova, as in mammals, Amphioxus, echinoderms). It is clear that these conditions 
of arrangement of the proto- and deuto-plasm within the ovum are the main factors in deter- 
mining variations i)xr the process of segmentation. 

Maturation of the ovrun. Formation of polar globules. — Either before 
its escape from the Graafian follicle, or immediately after, the ovum undergoes a 
peculiar change, preparatoiy to, but nevertheless altogether independent of fertiliza- 
tion, which consists of a process of unequal cell-division or germination, and results 
in the extrusion from the vitellus of two minute spherical bodies (fig. 8), which have 

Fig. 8. — Ovum o? the rabbit prom the fallopian tube, twelvd 

HOURS AFTER IMPREGNATION. (Bischoflf.) 

On the zona a, spermatozoa are seen, and others in the peii vitelline 
space ; 6, the polar globules. 




been termed the polar glooules or directive corpuscles, 
from a supposition that their presence determines the 
pole at which the fii-st segmentation will take place 
r»hould the ovum become fertilized. It is, however, 
r.ncertain whether there is any constant relationship of 
this kind, but it is none the less clear that the extrusion 
of the polar globules is an event of the highest importance for the due development 
of the o\Tim, since until this has happened the ovum appears to be incapable of 
complete fertilization and segmentation. ^ What is actually extruded is a small part 
of the nucleus of the ovum, or, to speak more precisely, two small parts of its nucleus 
in succession, probably surrounded by a very thin investment of protoplasm. Prior 
to this extrusion, the germinal vesicle approaches the periphery of the vitellus, loses 
its distinctness of outline, and after passing through phases which are charac- 
teristic of a nucleus which is about to divide, does actually undergo a division into 
two, the one part being extruded into a space (peri vitelline), which has become 
formed in consequence of the shrinking or contraction of the ovum, and the other 
part remaining in the vitellus, only, however, to repeat the process of division, and 
to form a second extruded globule. The remainder of the germinal vesicle, which is 
now termed the female pro-nucleus^ leaves the periphery of the vitellus for a situation 
nearer to the centre, where, if fertilization should supervene, it awaits the advent of 
the male pro-nucleus, which is formed from a spermatozoon. After the two pro- 
nuclei have come together, a new and complete nucleus is formed by their conju- 
gation. 

The actual formation of polar globules has not hitherto been observed in the human ovum, 
although there is no doubt whatever that it takes place. In the rabbit various stages in the 
process have been traced by E. v. Beneden and Rein, and it has also been noticed in other 
mammals. But the details of the process have been made out most precisely (by Fol, Hertwig, 
and others) in the transparent ova of echinoderms, and more recently and minutely (by 
3. V. Beneden, Camoy, Boveri, Zacharias, and others) in Ascaris megalocephala, a thread- worm 
parasitic in the horse, in which all the changes can be followed in one and the same ovum, 
or the various phases fixed by means of. reagents in different ova, and these may af terwanis be 
stained and studied with the utmost minuteness. The successive changes in such ova are 
represented in figs. 9 and 10. The polar globules remain visible for a time in the peri- 
vitelline fluid, and are even seen, should the ovum become fertilized, during the early stages of 
segmentation, but they ultimately disappear and are not known to take any further part in 
the subsequent changes which the ovum undergoes. 

The fact that throughout the whole animal kingdom the extrusion of polar globules from 
the ovum as it becomes mature is almost universal, and that a similar process has also been 
observed to occur in plants indicates the great importance of the phenomenon. The signifi- 
cance will be further discussed after the process of fertilization of the ovum has been 
described. 

, ^ The ovum may, however, receive a spermatozoon before the completion of the formation of polar 
globules. ^ 
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FORMATION OP POLAR GLOBULES. 
B 





Fig. 9. — Formation op thk first polar globule in the kgq of ascaris mkgalocki»hala. 

(v. Gehuchten. ) 

A. The ovum with the germinal vesicle transformed into a spindle of (achromatic) fibrils ' from the 
])oIes of the spindle other fibnls radiate into the protoplasm. At the equator of the spindle eight 
])ortion8 of chromatin are visible ; cs, head of a speimaiozoon which has previously entered the ovum, 
and is becoming transformed into the male pro-nucleus ; m, gelatinous membrane of the ovum. 

H. The chromatin particles are seen sei)arated into two sets. The achromatic fibrils are not shown 
in this preparation. The ovum is considerably shrunken. 

C. Half of the germinal vesicle is extruded into a perivitelline space, and along with a portion of 
protoplasm is becoming separated off from the ovum as a polar globule. The extruded half includes 
four of the chromatin particles ; the other four remain in the ovum ; fn\ membrane dividing the polar 
globule fi-om the ovum. 

A B 
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Fig. 10. — Formation of the second polar globole 
IN ASCARis megalocephala. (Camoy.) 

A. The remainder of the germinal vesicle (after 
extrusion of the first globule, ff^) has again become 
transfonned into a spindle of achromatic fibrils, 
with the four remaining chromatin particles at the 
equator of the spindle. 

B. The spindle, now irregularly Y-shaped, is seen 
approaching the surface of the ovum ; ^^ fii-st pohir 
globule ; 7M, male pronucleus which has become 
fonned from a spermatozoon. 

C. Extrusion of half of the germinal vesicb 
remainder. 

JD. Completion of the process ; the seer nd polar globule, .7', is now separated from the ovum ; i^ 
contains two of the chromatin particles. The other two remain in what is left of the germinal vesicle^ 
n' which now forms the female pronucleus ; »i#, male pronucleus ; g^, first polar globule. 
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Fertilisation. — The OTnm, after its expulsion from the Graafian follicle is 
received upon the fimbriated end of the Fallopian tube. The fimbriaa are covered by 
a prolongation of the ciliated lining of the tube, and the action of the cilia serves to 
propel the minute ovum into and along the tube towards the uterus. In this 
passage it may, if impregnation have occurred, meet with the spermatozoa, one or 
more of which may penetrate the zona pellucida, and fertilize the ovum. It is 
possible in some instances for fertilization to occur on the fimbriated extremity of the 
tube, or in the body of the uterus, but it is probable that in most cases it happens 
in the tube itself. 

It is probable that normally only a single spermatozoon enters the vitellus. If it should 
happen that two or more enter, normal development does not as a rule occur. Exceptions to 
this rule have, however, been recorded. 

The changes in the ovum which accompany fertilization have, like those which 
result in the formation of the polar globules, been studied most satisfactorily in the 
transparent ova of echinoderms and in Ascaris. In the former (fig. 11) the spermatozoa 
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Fig. 11. — Fertilization op the ovum of an echinodsbm. (Selenka.) 

«, spermatozoon ; m.pr, male pronucleus ; /.pr, female pronucleus. 

1. Accession of a spermatozoon to the periphery of the vitellus ; 2. Its penetration, and the radial 
disposition of the vitelline granules ; 3. Transformation of the head of the spermatozoon into the male 
pronucleus ; 4, 5. Blending of the male and female pronuclei. 



may be seen to penetrate the gelatinous investment which here takes the place of a 
zona pellucida, and the head, of one only as a rule, to imbed itself in the periphery 
of the ovum, which becomes slightly protruded at the point of contact. According 
to V. Beneden's account, the spermatozoon always enters in Ascaris at a particular 
part of the ovum (polar disc), at which part there is an aperture in the vitelline 
membrane (micropyle). When once it has passed into the ovum, this aperture 
becomes closed, and the head of the spermatozoon rapidly increases in size, and 
acquires the appearance of a nucleus which, in contra-distinction to the remains of 
the germinal vesicle, or female pro-nucleus, is termed the male pro-Jivdms, Soon 
it leaves the periphery, and passes towards the centre of the ovum in the direction of 
the female pro-nucleus. In its passage through the protoplasm it appears to exer- 
cise a peculiar attraction upon the granules in that substance, for these become 
arranged in its vicinity in radiating lines. The tail of the spermatozoon 
has in the meantime disappeared, whether by being cast off or by blending with the 
protoplasm of the ovum has not certainly been made out. As the male pro-nucleus 
approaches the female pro-nucleus, the latter moves somewhat to meet it, and pre- 
sently the two pro-nuclei come into contact and together form a new nucleus, com- 
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plete in all its structure and functions. With the.blendiirg of the two pro-nuclei 
the act of fertilization is completed, and the ovum is now capable of forming 
new cells by division. Since the head of the spermatozoon is formed from the 
nucleus of a seminal cell, part of which appears to be thrown off prior to the com- 
plete maturation of the Epermatozoon (Renson, Brown), and the female pro-nucleus is 
the nucleus of an egg or germ-cell, part of which has been removed in the form of the 
polar globules, the process of fertilization may be described as consisting essentially 
of the conjunction of part of the nucleoplasm of a sperm cell with part of the nucleo- 
plasm of a germ cell, the result being the production of a complete nucleus endowed 
with active properties of division and reproduction. 

Although, as has been already stated, the changes which have just been described are most 
clearly to be seen, and have been most completely studied, in the ova of echinoderms and 
Ascaris, similar processes have been found to occur in most if not in all animals, and have 
even been made out, although not very distinctly, in mammals (in the rabbit by v. Beneden). 
There is no doubt, therefore, that the phenomena of fertilization are essentially the same 
throughout the whole animal kingdom. As to the exact details of the process there is still 
much discrepancy in the accounts given by recent obseiTers. Of all those that given by 
v. Beneden of the process of fertilization, and of the subsequent division of the resulting 
nucleus in Ascaris, is the most explicit, and appears to negative the idea of a complete fusion 
taking place between the elements of the pro-nuclei, at least so far as the chromatin is concerned. 
According to this account (v. fig. 12), each of the two pronuclei is seen to possess, previous to their 
conjunction, two short chromatin rods {chromosomei) imbedded in clear nuclear matrix. These 
rods undergo various changes, resulting in the formation of a skein within each pro-nucleus 
(II., III.), but eventually the skein resolves itself into two V-shaped loops or filaments (IV., V.). 
On conjunction the matrix of the two nuclei may appear to blend, although it is doubtful if 
they actually fuse together, but the chromatin filaments retain their distinct individuality. 
The nucleus which is thus formed by the conjunction, contains, therefore, four similar V-shaped 
chromatin filaments, which now split longitudinally (VI., VII.), and after being arranged for 
a time at the equator of the now spindle-shaped nucleus (VIII.), four of the resulting filaments 
pass towards the one pole, and form eventually the chromatin of the one daughter nucleus, 
and four towards the other pole, eventually foiming the chromatin of the other daughter 
nucleus (XI., XII.). It is stated by v. Beneden that of each set of chromatin filaments, or 
chromosomes, which thus separate from one another, one half the number is derived from the 
male and the other from the female pro-nucleus. If this is the case, and if it should further 
be shown that in every subsequent process of division of the resulting cells, the chromatin 
filaments of the daughter cells are derived half from male chromatin filaments and half 
from female, it necessarily follows that every cell nucleus must be regarded as containing 
both male and female morphological elements. 

Meaninarof the polar arlobules. — Theory of Iffinot. — The question of the hermaphroditism 
of cells was first raised by C. S. Minot in connection with the separation of the polar globules. 
According to the view advocated by Minot, every cell which results from the division of a 
fertilized ovum is hermaphrodite, for the fertilized ovum is formed by the union of both male 

Ila. 






Fig. 12. — Formation and conjugation op the pro-nuclei in ascaris megalocephala. 

(E. V. Beneden.) 
/, female pronucleus ; w, male pronucleus ; |), one of the polar globules. 

I. The second polar globule has just been extruded ; both female and male pronuclei contain two 
chromatin particles ; those of the male pronucleus are becoming transformed into a skein. 

II. The chromatin in both pronuclei now forms a skein. 

Ila. The skein in the pronuclei is more distinct. Two attraction-spheres, each with a central 
particle, united by a bpindle of achromatic fibres, have made their appearance near the pronuclei. The 
male pronucleus has the remains of the body of the spermatozoon adhering to It 
' III. The pronuclei are enlarged ; the skein formation of the chromatin is complete. 
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Ilia. Only the female pronucleus is shown in this figure. The skein of this is contracted and 
thickened. The attraction-spheres are near one side of the oYum, and :ire connected with its x>eripher\- 
by a cone of fibres forming a polar circle p.c. ; e.c. equatorial circle. 

lllb. The pronuclei have approached one another, and the spindle -system is now arranged acros> 
their common axis. 

IV. Contraction of the skein and formation of two Y-shaped chromatin filaments in each pronucleus 

y. The Y-shaped chromatin filaments are now quite distinct ; the male and female pronuclei are in 
close contact. 

VI., YII. The Y-shaped filaments are splitting longitudinally; their structure of fine granules of 
chromatin is apparent in VII., which is more highly magnified. The conjugation of the pronuclei is 
apparently complete in these figures, hut according to v. Beneden's description, the outlines of both 
can, under favourable conditions, be still made out. The attraction spheres and achromatic spindle, 
although present, are not shown in IV., V., YI. and YII. 

YIII. Equatorial arrangement of the four chromatin loops in the middle of the now elongated ovum ; 
the achromatic substance forming a spindle-shaped system qf granules with fibrils radiating from the 
poles of the spindle (attraction-spheres) into the protoplasm ; commencing division of the ovum into 
two cells. 

IX. Shows diagrammatically the commencing separation of the chromatin filaments of the con- 
jugated nuclei, and the system of fibres radiating from the attraction-spheres, p.c, polar circle : 
e.c. equatorial circle ; c.c. central particle. 

X. Further separation of the chromatin filaments. Each of the central particles of the attraction- 
spheres has divided into two. 

XI. The chromatin filaments are becoming developed into the skeins of the daughter nuclei. These 
are still united by achromatic fibres. The protoplasm of the ovum is becoming divided. 

XIL The daughter nuclei exhibit a chromatin network. Each of the attraction-spheres has divided 
into two, which are ioined by achromatic fibres, and are connected with the periphery of the cell in 
the same manner as the parent sphere shown in Ilia. 
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and female elements, and every one of its descendants must also contain a certain proportion 
of each. For the sexual conjupration of two ceils it is assumed to be necessary that the one 
should get rid of the male elements, and retain only the female, and that the other should be 
exclusively male. This is effected in the one case, according to Minot, by the extrusion of the 
polar globules, which, in this view, represent the male element of the originally hermaphrodite 
generative cell, so that when they are extruded this remains wholly female ; in the other case 
there is also a separation, and the separated part becomes disintegrated, leaving only the male 
portion, or spermatozoon — the separated part in this case represents, therefore, the female 
element of the generative celL 

Theory of Weiamcmn. — ^Minot's theory was adopted by Balfour, who looked upon the 
formation of polar cells as having been acquired by the ovum for the express purpose of pre- 
venting parthenogenesis. According to this view no polar globules should be formed in parthe- 
uogenetic ova, and it was believed by both Minot and Balfour that they would not be found 
to occur. It has, however, since been discovered by Weismann and Blochmann that parthe- 
nogenetic ova do extrude one polar globule, although the ordinary ova of the same animal 
extrude two. 

It is clear that this fact renders a modification necessary in the view advocated by Minot 
and Balfour. Such modification, or substitute, as it may perhaps more appropriately be 
termed, has been furnished by Weismann in his theory of heredity ( Vererbungttlteorie'), Thi8 
theory assumes that every animal and vegetable cell contains two different kinds of living 
substance. These are termed by Weismann the nuclear plasma and the nutritive platt-nia. The 
former is endowed) with germinative, directing and hereditary functions, the latter with 
assimilation of food and the more purely physical functions (contraction, nerve-conduction, 
secretion, &c.), but these functions are assumed to be carried out under the direction of the 
nuclear plasma. The nuclear plasma is further supposed by Weismann to consist of two sub- 
stances, viz., a gertninal pUwna which is the primitive form, and which alone is endowed with 
heredity, and a Jiistogenetie pUuftia which has been derived from the germinal plasma, and which 
controls the division, growth, and differentiation of the cell. Fertilization consists in the 
bringing to the ovum of a certain amount of germinal plasma from a different individual, 
and Weismann assumes that it is necessary for the ovum, prior to fertilization and develop- 
ment, to get rid both of its old histpgenetio plasma and of so much germinal plasma as may 
be brought to it by the spermatozoon, and that it effects this by the extrusion (1) of one 
(histogenetic) polar globule, (2) of the other (germinal) globule. If this is what happens, the 
primitive or germinal plasma is never wholly eliminated from the ovum, so that it may be 
looked upon as transmitting all the accumulated ancestral characters which have been derived 
from the vast number of its predecessors. A portion is, however, got rid of in the form of 
the second polar globule, and what remains is not necessarily of quite the same constitution in 
every case, nor is the portion of germ plasma brought by the spermatozoon necessarily always 
similar : these differences in the germinal plasma of the fertilized ovum may account, accord- 
ing to Weismann, for the individual differences which occur in the progeny.^ 

Weismann and Ischikawa have shown that in some animals the segmentation of the ovum 
may have advanced through one or two stages before the entry of a spermatozoon. In this 
case the spermatozoon (male pro-nucleus) blends with the nucleus of only one of the cells 
which have resulted from the segmentation. Probably the sexual cells oie the ultimate result 
of this conjugation, 
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SEGMENTATION OF THE OVUM. 



EAAIiY OHANGSB IN THD OVUM OON81BQX71BNT ON TERTHiIZATION-SlBaMlBNTATION— 
FORMATION Of THB BltASTODSBM—THB PRIMITIVS BTRBAK AND QROOVX. 

Segmentation of the ovrun. — Immediately after the completion of the process 
of fertilization, the ovum begins to show signs of division into two cells or segments. 
The division is preceded by the formation of a spindle-shaped system of achromatic 




Fig. 13.— First stacks op seqmehtation op a mammalian ovum : skmi-diaorammatic. 
(Diawu by Allen Thomson after £. ▼. Beneden's description.) 

z.pf zona pellucida ; p.glt polar globules ; a, division into two segments ; ect, larger and clearei 
segment ; ent^ smaller, more granular segment ; 6, stage of four segments ; c, eight segments, the ecto- 
meres partially enclosing the entomeres ; d.Cy succeeding stages of segmentation showing the more rapid 
division of the clearer segments and the enclosure of the darker segments by them. 

fibres and by changes in the nucleus which are similar to those which take place in 
the division of an ordinary cell (v. Histology). According to v. Beneden's obse^^'a- 
tions in Ascaris these changes occur in each of the two pro-nuclei (fig. 12), and 
one-half the number of resulting V-shaped filaments then passes from each to form 
each daughter nucleus, which thus contains male and female chromatin elements in 
equal amount. Each of the two segments which are thus formed speedily again divides 
in the same manner, so that four cells or segments now occupy the interior of the ovum. 
By a further process of binary division eight cells are formed, then sixteen, thirty-two, 
and so on until the originally simple ovum is eventually subdivided into a large 
number of small segments, each of which is a nucleated cell, which are aggregated 
into a solid spherical mass, not much larger than the original ovum, and known as 
the mulben^ mass. The cells are not similar throughout, for those at the surface 
are clearer and less granular than those which occupy the interior of the mass. 
According to v. Beneden's observations in the rabbit and bat, this difference in the 
appearance of the cells is traceable even in the first pair of daughter cells, one of 
which is larger and clearer than the other, which is dai'ker and more granular (fig. 
13, a)} The cells or segments which result from the division of each of these retain 
their respective characters, and since the clearer cells divide somewhat more rapidly 
than the darker ones, there are for a time at certain stages of the process of segmen- 
tation more of the clear cells ; thus, at one stage there are eight clear cells, and only 
four darker ones, the latter having not yet undergone division, and later there arc 

^ This statement is denied by Kolliker and other observerB, who assert that there is no difference in 
the size and appearance of the first segments. 
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sixteen clear cells and only eight darker cells, for the same reason. Further, it is 
found that as the segmentation proceeds the clearer cells occupy the superficial part 
of the ovum and ahnost entirely enclose the granular cells which fill the interior 
(fig. 14, a). 

The ovum next undergoes a rapid increase in size owing to the segregation of 
fluid between the clear superficial layer of cells and the enclosed granular segments, 
which thus become separated from one another except at one part (fig. 14, b). At the 
same time the superficial cells multiply, and, becoming flattened out like a pavement 
epithelium, form a membrane enclosing the contained fluid. The ovum is now a 
thin-walled transparent sac, occupied by fluid and enclosed by two membranes, one 




ect 




Fig. 14. — Sections op the ovum op the rabbit 

DURING THE LATER STAGES OP SEGMENTATION, 
SHOWING THE FORMATION OP THE BLASTODER- 
MIC VESICLE. (E. V. Beneden.) 

a, Section showing the enclosure of darker ceUs, 
ent, by clearer cells, ect ; 6, more advanced stage 
in which fluid is beginning to accumulate be- 
tween the inner and outer cells, the former com- 
pletely enclosed ; c, the fluid has much increased, 
80 that a large space separates inner from outer 
cells except at one part ; d^ blastodermic vesicle, its 
wall formed of a layer of flattened ceUs, with a 
patch of dark granular cells adhering to it at one 
part ; z.p., zona pellucida. 

being the thinned-out zona pellucida and 

the other the epithelial membrane just 

mentioned. Adherent to one part of the 

inner surface of this membrane is the 

little mass of dark granular cells which formerly occupied the whole interior of the 

mulberry mass, and these cells give to the part of the ovum where they occur a 

darker appearance, when it is viewed by transmitted light. At this stage of 

development the ovum has been termed the blastodermic vesicle (fig. 14, c, d)y 

although the actual blastoderm is not yet foimed. 

Formation of the blastoderm. — Soon the granular cells are found to be no 
longer accumulated into a small mass but to be spreading out in the form of a 
lencicular patch over the inner surface of the vesicle. As this extension proceeds 
the innermost cells separate off as a distinct layer, the separation starting from 
the centre and progressing outwards. 

A section through the middle of the ovum now shows three layers (fig. 15) : an 
outer, which is the epithelial membrane of the blastodermic vesicle (Rauber's layer); 
an inner, which may be termed the primitive entoderm, from the fact that it becomes 
the innermost layer of the blastoderm, and an ill-defined middle stratum of somewhat 

VOL. I. 
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granular celb, which represents the remainder of the inner granular mass of the 
blastodermic vesicle after the separation of the subjacent layer. The three 
layers were believed by v. Beneden to represent the three permanent layers of the 
blastoderm. But it has been conclusively shown (by Rauber and KoUiker in the 
rabbit, and by Lieberkiihn and Heape in the mole) that the middle stratum of this 
stage of development is not the permanent middle layer of the blastoderm, for it is 




Fig. 15. — Section op part op the blastodermic vesicle op the babbit at six days. (From 

£. Tan Beneden.) 

a, upper layer (Rauber's cells) forming with 6, the primitive ectoderm ; c, primitive entoderm. 



— :. eei. 




int. 



Fig. 10. — A section through part op a bilaminar blastoderm op the cat. (E. a. S.) 
eety primitive ectoderm ; ent, primitive entoderm ; z.p.f thinned-out zona pellacida. 

before long converted into a layer of columnar cells which becomes closely applied to, 
and soon blends with, Rauber's layer, so that the two now form but a single stratum, 
which may be denominated tha ^irimilive ectoderm. 

KoUiker describes the cells of Rauber's layer as undergoing a kind of atrophy and gradual 
disappearance, taking no part in the formation of the primitive ectoderm. The observa- 
tions of Lieberkttlin and Heape, on the other hand, tend to support the view which has been 
given in the text. 

Both layers, but especially the primitive ectoderm, are somewhat thickened near 
the middle of the ovum over a circular or oval area, which appears slightly darker 
than the rest of the ovum when this is viewed by transmitted light : it is known as the 
embryonic area (fig. 1 7). The entoderm does not for a long time form a complete invest- 
ment to the blastodermic vesicle, for as we have seen it commences to form near the 
centre of the ovum, and only gradually grows round within the epithelial investment, 
so that it terminates peripherally by a free border. In most mammals which have 
been investigated, it has not completely enclosed the ovum when the mesoblast has 
begun to form, but in the cat its growth appears to progress more rapidly, so that, 
for a time, the blastodermic vesicle has two complete and distinct epithelial invest- 
ments. Whether complete or incomplete, the two layers together constitute what is 
known as the bilaminar blastoderm (fig. 16), the formation of which marks a distinct 
stage in the development of all the metazoa. 

But the blastoderm doss not long remain in the bilaminar condition. In the rabbit 
and mole, and probably in most mammals, long before the primitive entoderm has 
completely extended itself around the ovum, there occurs a considerable thickening 
of the primitive ectoderm at one end — the posterior — of the somewhat oval embryonic 
area. This thickening has at first a crescentic form, with the concave edge looking for- 
wards, and from the middle of this edge a longitudinal thickening extends for a certain 
distance towards the centre of the embryonic area. The thickening is produced by a 
proliferation of the cells of the primitive ectoderm, and its consequent downgrowth 
towards the primitive entoderm, and it is visible when the ovum is viewed from 
above by transmitted light, as a streak or shadow which is known as the primitive 
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sfredk (figs. 18,19). Almost as soon as the priraiti ve streak has become fully formed, it 
may be observed to be scored along its length; except at the anterior end which is that 
directed towards the centre of the embryonic area, by a narrow groove — the 
primitive groove. The proliferating primitive ectoderm comes into close relationship 
below this groove with the primitive entoderm, and the two may be partly or 






Fig. 17.— Embrtokic absa op molb immkdiatklt prior to appearihob op privitive streak and 

FORMED of two LAYERS ONLT. 

Fig. 18.— Embryonic area of the mole showing the primitiyb streak and qboote BEDiva 
posteriorly in a grbscsntic thickenino. 

The area is bilaminar in front, trilaminar in the posterior hall 

Fig. 19. — A somewhat later staob in which the primttivb streak reaches two-thirds or tbn 
length of the embryonic area, and ends behind in a knob or thickening. 

Figs. 17, 18, and 19 are copied from Heaps. They are magnified 49 times. 

entirely blended, but the union is closest at the anterior end of the primitive streak 
where a continuous column of cells unites the primitive ectoderm and entodermi 
so that the two layers are here indistinguishable. 

The proliferation of the cells of the primitive streak subsequently proceeds chiefly 
at the sides of the primitive groove, and the cells which are produced by this proli- 
feration extend themselves laterally between the ectoderm and entoderm to form a 





Fig. 20, A. and B. — ^Views of the embryonic area of the rabbit showieg two stages ie the 
extension of the mesoblast. (KoUiker.) 

In A. the mesoblast extends on either side of the primitive streak over the posterior part of the 
embryonic area and also behind the primitive streak beyond the limits of that area. 

In B. the mesoblast extends over a circular area which surrounds the embryonic area. The em- 
bryonic area is also trilaminar, except in the middle line in front of the primitive streak. 

C 2 
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third or intermediate layer. This is mainly derived, as was first pointed out by 
KoUiker, from the primitive ectoderm of the groove, but since in this situation the 
two primary layers become eventually more or less blended, it is probable that the 
primitive entoderm cells also take part in its formation, although this part is in the 
mammal evidently a subordinate one. It is further maintained by many embry- 




Pig. 21.— Skotion across the posterior end of the embryonic area op a rabbit at the timb 

OP THE PIRST SIGN OP A PRIMITIVE STREAK. (KSlliker. ) 

<p, epiblast ; ax, its axial part undergoing proliferation (this is shown by the karyokinetic figures, 
]c) ; 7Mf mesoblast becoming derived from the proliferating axial epiblast ; Ay, hypoblast. 




Fig' 22.— Lonqitudinal section through the middle line ov part of an embrtonio AREA (mole) IK 

WHICH the PRIMITIVE STREAK HAS BEQUN TO FORM. (Heape.) 

The blastoderm is perforated in front of the (short) primitive streak (? blastopore, Up) ; a few meso- 
blast ceils are seen anterior to the perforation ; ep, epiblast ; Ay, hypoblast ; p.sk^ primitive streak. 




Fig. 28.— Two SEcniONS across the embrtonio area of a blastoderm at the stage shown in 

Fio. 19. (Heape.) 

A. Section across the anterior end of the primitive streak and groove. 

B. Section across the posterior enlargement of the primitive streak. The epiblast and hypoblast 
are seen to be united along the primitive streak, p,tk ; laterally the raesobhist, m., the cells of which 
have grown out from the uniting column of axial ceUs, separates the two primary layers. 

p.^, primitive groove ; ep, epiblast ; Ay, hypoblast ; m, mesoblsBt. 
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Tig, 24.— Four sriais nr thb deyslopment or axphioxus illustratiko thb roRXiTiON or tbb 

OASTRULA. (Hatscbek.) 

L Spherical blastoderm ; the cells at the lower i>ole are larger than the others, and filled with 
granules. 

II. Invagination of the lower pole producing a cupping of the vesicle. 

HI. Completion of the invagination ; the blastoderm is now bilaminar, and forms a cup with 
narrowed mouth, the blastopore, U, and a double wall of epiblast, fp, and hypoblast, hy (or primitive 
ectoderm and primitive entoderm). 

lY. The ovum is now elongated ; the cavitj of the gastrula forms a primitive alimentaiy canal, the 
orifice of which is the blastopore, which is directed dorsally. Extending from this along the dorsal 
surface (right in the figure) a shallow groove is seen in optical section : tUs is the rudiment of the 
nervous system. 



ologists that cells from the lateral parts of both primary layers are added to the 
intermediate layer, and assist in its extension. According to the observations of 
Bonnet in the sheep, there is an addition to the middle layer from the peripheral 
(thickened) portion of the hypoblast ; this has been long held to be the case with 
the blastoderm of the bird, and the cells thus derived (parablastic) have been 
considered to have the special function of forming the connective tissues ai>d blood. 
Whether, however, this is actually so, must be regarded as at present undecided. 
However produced, the appearance of a middle layer causes the originally bilaminar 
blastoderm to be trilaminar, and its three layers have received the names of ectoderm, 
mesoderm, and entoderm, or epiblast, mesoblast, and hypoblast. 

The ffastrola condition of the vertebrate ovum. — It wiU be observed that io the 
mammal the two primary layers of the blastoderm, at least their principal part, are formed by 
a separation into two strata of the cells of the inner granular mass which occupies the 
interior of the ovum after segmentation. The bilaminar condition may therefore be said to 
result from a process of delamination in an originallj simple mass or stratum. But in 



22 GASTHULATION OF VERTEBRATES. 

AmphiozuB amongst vertebrates,^ and in many invertebrates with boloblastic (aleoithal) ova, 
the bilaminar blastoderm is produced, not by delamination, but by the invagination of one 
pole of an originally simple hollow spherical blastodermic vesicle, the invaginated portion 
becoming the primitive entoderm and ihe remaining: part of the wall of the vesicle forming 
the primitive ectoderm (fig. 24). This condition, which was discovered by Kowalewsky, is 
known as the gastrula atage, and it is regarded by most embryologists, following Haeckel, as 
typical of the mode of formation of the bilaminar blastoderm throughout the animal kingdom. 
The aperture of invagination by which the cavity of the entoderm communicates for a time 
with the exterior has been termed the hlagtoporc (Lankester). 

It is not possible in this account of the embiyology of the mammal (which must necessarily 
be very short) to examine at any length the evidence upon which the opinion rests that a 
gastmla stage can be shown to exist at an early stage in the development of the meroblastic 
ova of the lower vertebrata. It will be suflScient for the present purpose to state that in 
fishes, reptiles, and birds, the ova of all of which are of a markedly meroblastic type, that 
part of the ovum in which alone segmentation has occurred, and in which active development 
subsequently proceeds, produces a bilaminar blastoderm as in the mammal by the separation off 
as a distinct layer of a lower or inner stratum of cells to form the primitive entoderm, 
whilst the remaining cells arrange themselves into an upper or outer stratum, the primitive 
ectoderm.' At one part of the circular blastoderm which has thus been formed there now 
occurs a crescentic thickening of the ectoderm, on the surface of which a pit or depression 
becomes formed by an invagination of the ectoderm. This pit extends inwards until it abuts 
against a subjacent entodermal thickening, and it may even penetrate the entoderm and 
communicate with the cavity below the blastoderm (which afterwards becomes in part con- 
verted into the posterior end of the alimentary canal). The invagination in question has been 
regarded as a rudimentary blastopore, its time of formation having become shifted to a later 
period, and the entoderm having already been formed by delamination altogether independently 
of, in place of resulting from, the invagination, as in the typical mode of gastmla formation. 
In the mammal a similar invagination of the ectoderm also occurs at the posterior extremity 
of the embryonic area, and this invagination has been described by Heape in the mole as 
communicating for a time with the cavity of the blastodermic vesicle (fig. 22, ftZ/?), which sub- 
Fig. 25.— SURPACB VIEW OP AH EMBRYONIC AREA OP THE MOLE 
IN WHICH THE MEDULLARY QROOVE HAS BEGUN TO APPEAR 
IN FRONT OP THE PRIMITIVE STREAK. AT THE JUNCTION OP 
THE TWO A SMALL APERTURE 13 SEEN : THIS 13 THE DORSAL 
OPENING OP THE OBLK^UE NEURENTERIO CANAL. (Hcape.) 

sequently becomes converted in part into the alimentary canal, 
In birds and reptiles as well as mammals the invag^ation in 
question soon becomes extended forward along the middle line 
of the blastoderm as a linear groove (primitive groove), which 
indents an ectodermal thickening (primitive streak), and if 
the posterior invagination represents a blastopore, this 
groove must be looked upon as an extension of such blas- 
\, topore, a view which derives support from the fact that 

V / there appears to be a tendency for the primitive g^roove, at 

' ..^ .' least its anterior end, to penetrate to the entoderm, and thus 

'"^Mi^^^i^ to form here also a canal of communication between the cavity 

below the entoderm and the exterior. Such a canal is desig- 
nated '* neurenteric," because the anterior end of the primitive streak and groove becomes 
eventually enclosed by the neural tube, and the caual then effects a (temporary) communica- 
tion between the neural tube and the enteric canal. 

Another important point of resemblance between this invagination and the blastopore of 
the typical gastmla is the fact that the middle layer of the trilaminar blastoderm begins to 
develope from the margins of the invagination. But in this respect again there is a differ- 
ence, for whereas in the simplest and most typical forms, such as Sagitta amongst invertebrates, 
and Amphioxus amongst vertebrates, the middle layer (mesoblast) originates as a pair of hollow 
protrusions of the primitive entoderm (coelom-invaginations of Hertwig, figs. 28, 29) ; in 
mammals and birds it makes its first appearance in the form of solid outgrowths from the 
primitive streak.^ 

Other views conceminfir the ffastrulation of vertebrates. — Kupffer regards the part 

^ Also, according to Hofmann, to some extent in elasraobranch fishes. 

* No layer corresponding with Rauber's layer of the mammal is known to exist in lower vertebrates, 
unless that layer is to be regarded as the homologue of the external (corneous) stratum of the epiblast» 
which is fonnd at a later stage in fishes and amphibia. 

' BUckert has described an imperfect form of coelom-invagination in elasmobranch fishes, and 
Hertwig in amphibia. 
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which has been above alluded to as invagmated ectoderm (primitive groove) as the homologne 
of port of the entoderm of more typical forma If this view be correct, many of the difficulties 
in the way of regarding the aperture of the invagination as the blastopore, and in explaining 
the differences in the mode of origin of the mesoblast are removed ; but, on the other hand, 
other difficulties are introduced, and the subject is left by no means clear. 

Another view, which was formerly extensively held, regards the blastopore of the meroblastio 
vertebrate ovam as bounded by the thickened edge of the bilaminar blastoderm (Haeckel). 
According to this »view, the cavity of the gastrula is entirely filled up by a mass of 
unsegmented or but partially segmented yolk, which also projects for a considerable distance 
through the blastopore, forming in fact the great mass of the ovum. The primitive groove 
is regarded as a linear prolongation of this thickened edge of the blastoderm towards the 
centre of the blastoderm (Balfour), so that the embryo, which developes in front of the 
primitive streak, thus oomes to have a pseudo-central position in the blastoderm instead 
of developing altogether from its margin as in the lower vertebrata and in inverte- 
brates. In conformity with this idea, it may be noted that at the thickened rim of the 
blastoderm of these meroblastic ova, the two primary layers are continuous with one another 
as in the primitive streak. In elasmobranchs an intermediate condition is observed, viz., a 
short groove, the margins of whicli are freely continuous with the margin of the blastoderm. 
If, as His and others have described (vide i'nfrd)^ the mesoblast is in part (vascular 
and connective tissue part) derived from the thickened rim of the blastoderm, this would 
furnish another point of resemblance between the primitive streak and that margin. 

Ed. V. Beneden has promulgated an entirely different opinion as to the mammalian blasto- 
pore from those above described. He regards the condition of the ovum, after the completion 
of segmentation and before the formation of a blastodermic vesicle, as representing the 
gastrula stage, and looks upon the point where the granular inner mass of cells comes to the 
surface between the clear cells which form the outer investment as the blastopore (fig. 14, a). 
In conformity with this view he considers the layer of clear cells to represent tiie whole of the 
primitive ectoderm, and the granular inner mass the primitive entoderm. But since all the 
more recent observations upon early mammalian ova agree in affirming the formation of 
the three blastodermic layers from the granular inner mass, and that Rauber*s layer either 
takes no part at all, or only a subordinate part in the formation of the ectoderm of the 
embryonic area, v. Beneden's view, in spite of the superficial resemblance of the ovum at 
this stage to certain gastrula forms, has not met with general acceptance from embryologists. 

Inversion of the blastodermic layers in some mammals. — In the guinea-pig 
(Bischoff), rat and mouse (Eraser, Selenka), and in some other rodents, an inversion of the 
usual position of the blastodermic layers is found to occur, the epiblast being innermost, 
the hypoblast outermost. The foundation of this inversion is laid early by a process of 
invagination and formation of a central cavity in the mass of entomeres, so that when the 
blastoderm is differentiated, the innermost cells which are next the (secondary) cavity thus 
formed become the epiblast, and the outermost the hypoblast, the mesoblast subsequently 
forming between the two by proliferation of epiblast at the primitive groove, as in other 
mammals. (For details as to this process of invagination, the student is referred to the papers 
by Selenka.) 

Historical. — The existence of several laminss in the germinal substance of the egg was 
first suggested by 0. F. Wolff in his celebrated work Theoria GeneratiimUj published in 1759, 
and in his later Memoir On the Development of the Intestine, first published in Nov. Comment. 
Acad. Petropol. in 1767 anc( republished in German by J. F. Meckel in 181 2. It is, however, to 
the researches of Pander, conducted under the direction of Bollinger of Wilrzburg, and pub- 
lished in 1817, and those of v. Baer (1826-1837), that we owe the first consistent attempt to 
connect the development of the several organs and systems of the embryo with the different 
constituent parts or layera of the blastoderm. Pander recognised a trilaminar structure of the 
blastoderm and distinguished the three layers composing it, in their order from above down- 
wards, or from without inwards in the tgSt &s the serous, vascular, and mucous layers. 

In 1850-54 a further important advance was made in the knowledge of the constitution of 
the blastodermic layers, by the discovery by Remak that the greater part of the middle layer 
soon after its formation coir.es to be divided into two laminse, separated by a space which 
corresponds to the perivisceral cavity (cculoviy^& fact which had been partially stated by von 
Baer. So marked a division of the middle layer and distinction of the parts whidii are 
afterwards developed from its two laminsB, has seemed sufficient to some authors to waiTant 
the recognition of four distinct layers in the blastoderm ; but it will be found on the whole 
more convenient to consider the fundamental layers as only three, to which, following the 
nomenclature of Foster and Balfour, the designations of epiblast, mesoblast, and hypoblast are 
applied, terms which are synonymous with those of ectoderm, mesoderm, and entoderm, 
employed by many authors. 

The terms ectoderm and entoderm were first applied to the two fundamental layers, shown 
by Huxley in 1849 to constitute the whole body of ocelentenutes, and which were correctly 
regarded by him as homologous with the two layers of the bilaminar blastoderm, to which we 
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have applied the terms primitive ectoderm and primitive entoderm. Since the middle layer 
is developed from one or both of these primitive layers their permanent representatives are 
morphologically different, having lost the elements which go to form the middle layer, and it 
is therefore convenient to accentuate this distinction by the adoption of different terms to 
represent the permanent layers. 

The generalisation that the formation of a bilaminar blastoderm is typically produced by 
the invagination of a hollow spherical anilaminar blastodermic vesicle is due to Haeckel, and 
was based largely upon the important researches of Kowalevsky, especially those on Sagitta 
and Amphioxus. The process of delamination which in some animals produces the two 
primary layers was originally regarded by Ray Lankester as the typical mode of formation, 
but is now generally admitted to be a secondary modification. Finally, it has been shown 
(Balfour, Lankester, R. and 0. Hertwig), as is set forth below, that the coelom or body cavity 
is typically developed, not by a process of splitting of the mesoblast (although in some 
animals this may occur as a secondary modification), but as hollow protrusions from the 
primitive alimentary cavity, the cells which bound these protrusions forming the mesoblast. 
Thus from an originally single blastodermic layer by successive processes of invagination 
or folding, the three permanent laminae are ultimately produced. 

Such folds may be regarded as formed mechanically by local hypertrophic multiplication 
of the cells of the laminse, an increased surface being thus found for the increased number of 
cells. In analogous manner the folds which accompany the formation and separation of the 
body and the development of the several organs, e.g., the nervous system, alimentary canal, 
amnion, may also be regarded as resulting mechanically from cell-multiplication. This 
mechanical theory of development was first enunciated by Pander, and has of late years been 
applied extensively by several embryologists, notably by His QBnttvickl, d, IluhncJtens, 1868, 
and Unsere Korperform, 1874), and Rauber. 

Characters of the blastodermio layers. — The three layers of the blastoderm 
show from the first distinctive characters {fig, 26). The outer layer, or epiblast, is 
epibhelial in nature and consists of somewhat irregularly columnar cells closely set side 




Fig. 26. — ^Transverse section through the front end of the primitive streak and 
BLASTODERM OF THE CHICK. (From Balfour. ) 

jpTj primitive groove ; m, mesoblast ; fp, epibl&st ; Ay, hypoblast. 

by side, forming a single stratum for the most part, except near the middle line, and 
becoming thinner and flatter towards the margins of the embryonic area. 

The inner layer or hypoblast is also epithelial, but the cells are at first all 
flattened, and appear therefore quite thin and linear in sections of the blastoderm. 
At a later stage, the hypoblast cells become markedly columnar and enlarged, so 
that they considerably exceed the epiblast cells in size. 

The middle layer, or mesoblast, which difiers, as we have seen, in its mode of 
origin, being formed secondarily from one or both of the primary layers, also difiers 
from them entirely in its appearance and structure. Instead of consisting of cells 
closely joined together into a continuous membrane after the manner of an 
epithelium, the mesoblast is at first composed of cells which are not thus closely 
arranged, but have, on the contrary, a considerable amount of intercellular fluid 
between them. They are most irregular in shape, and are often branched and 
united with one another, so that much of the mesoblast early resembles an 
embryonic connective tissue. 
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Before proceeding to describe the commencing development of ttie embryo it will 
be instructive to enumerate the parts which are formed respectively from the three 
blastodennio layers. The following is the relation given in tabular form :— 

The whole of the nervons system, including not only the central organs (brain and 
spinal oord), but also the peripheral nerves and sympathetic. 

The epithelial structures of the organs of special sense. 

The epidermis and its appendages, including the hair and nails. 

The epithelium of all the glands oi)ening upon the surface of the skin, including the 
mammary glands, the sweat glands, and the sebaceous glands. 

The muscular fibres of the sweat glands. 

The epithelium of the mouth (except that covering the tongue and the adjacent 
I)osterior part of the floor of the mouth, which is derived from hypoblast), and that of 
the glands oi)ening into it. The enamel of the teeth. 

The epithelium of the nasal passages, of the adjacent upper part of the pharynx, 
and of all the cavities and glands opening into the nasal passages. 
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The urinary and generative organs (except the epithelium of the urinaxy bladder 
and urethra). 

All the voluntary and involuntary muscles of the body (except the muscular fibres 
of the sweat glands). 
§ I The whole of the vascular and lymphatic system, including the serous membranes 
^ and spleen. 

\ The skeleton and all the connective tissue structures of the body. 






I 



» 



The epithelium of the alimentary canal from the back of the mouth to the anus, 
and that of all the glands which open into this part of the alimentary tube. 
The epithelium of the Eustachian tube and tympanum. 
The epithelium of the bronchial tubes and air sacs of the lungs. 
The epithelium lining the vesicles of the thyroid body. 
The epithelial nests of the thymus. 
The epithelium of the urinary bladder and urethra. 



PARABTiAST THXOBY OF HIB. MXSXNOHYMB THXOBY 07 KEBTWia. 

The observations of His upon the development of the blood and connective tissues 
in the bird led him to regard these tissues as originating, not from the mesoblast which 
in the chick grows out from the sides of the primitive groove, but from cells which, 




Fig. 2?. — Vertical sbction THRoroH the blastoderm of a hsu's eoo taker near ihb 

PERIPHERY. (Strieker.) 

Ef epiblast ; H^ hyx>ob1a8t, passing at the periphery into an ondifTerentiated mass of yolk, A^ 
containing large cells filled with yolk granules ; M (towajds the centre of the blastoderm), mesoblast ; 
M (nearer the periphery), granular cells, apparently derived from -4, and lying between the epiblast 
and hypoblajBt 

originating either in the yolk or in the thickened rim of the spreading blastoderm, wander in 
centripetally tetween the primary layers and fill up all the interstices of the centrifugally- 
growing true mesoblast. These in-wandering cells being derived, not like the other cells of 
the embryonic area from the more active primarily differentiated central parts of the blasto- 
derm, but from the peripheral non-embryonic portion, were collectively named by Hifl 
jmrabUist, and the tissues (blood and blood-vessels, and all the connective tissues) supposed to 
be formed from them were termed parablaitie (all the other tissues of the embryo being 
termed, in contra-distinction, archihlastio), 

His*s theory was enunciated as long ago as 1868, although he afterwards introduced 
into it certain modifications. For a considerable time it met with little acoeptance, but of 
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MESENCHYME THEORY OF HERTWIG. 



late years it has obtained, in its modified form as above given, the adherence of many 
embryologists, anA especially of R. and O. Hertwig, Kupffer, KoUmann, and Waldeyer. R. 
and 0. Hertwig have given the name of metmchyme to HiB*s parablast, while retaining the 
designation of middle germinal layer or mesoderm for the rest of the mesoblast, from which 
it differs (1) in its stractnre, consisting of loosely arranged wandering cells, as distinguished 
from the epithelium-like lanellsB, of which according to their description the rest of the 
mesoderm is composed ; (2) in its derivation, arising as separate cells from the entoderm instead 
of in the form of a coherent layer ; and (3) in its further development and destination, giving 
origin to the connective tissues and blood-vessels, and perhaps to the plain muscular tissue, 
whereas the mesoderm proper gives origin to the skeletal muscles and to the epithelium of the 
B3rous cavities, and of the genital and urinary organs. They describe the true mesoderm as 
consisting of two epithelial lamellae, w^hich form distinct layers of the blastoderm, so that 
according to this view the complete blastoderm would consist of four layers (epiblast, outer 
or somatic mesoblast, inner or splanchnic meeoblast and hypoblast) besides the mesenchyme ; 
to which mufet be added a median strand of cells set aside for the formation of the notochord. 
It appears evident from the researches of Kowalevsky in Sagitta and Amphioxus that what 
is to be regarded as the typical origin of the mesoblast in Metazoa* takes the torm of a pair of 
diverticula from the primitive archenteric cavity (fig. 28, la ; fig. 29, I), which hollow diverti- 
cula become pinched off from the remainder of that cavity, and. their cavities becoming com- 
pressed laterally, are converted into the coelom or body-cavity (serous cavities of vertebrata), the 
two walls of this cavity on either side forming respectively the inner and outer mesodermio 
layers of R. and 0. Hertwig. In Sagitta, the diverticula occur in the neighbourhood of the 




Fig. 28. — Formation o? mesoblastio somites in amphioxus, shown in lokoitudinal optical 

SBOTION. (Hatschek.) 

la. , dorsal view of an embryo in which the mesoblast is beginning to form as two longitudinal folds 
of the hypoblast which are becoming subdivided from before back by constrictions into separate 
somites. I., the same viewed in profile, showing the anterior three somites of one side, with their 
cavities in free communication with the enteric cavity. The neural canal, «.<;., is continued 
pcsteriorly by a neurenteric canal into the enteric cavity ; ep, epiblast ; /ty, hypoblast. XL, dorsal 
view of a more advanced embryo. The somites are more numerous and are completely separate. In 
all but the most anterior pair the communication with the enteric cavity is still seen. III., dorsal 
view at a still later stage. The somite cavities are now completely closed. The cellular rod, eh, shown 
running along the middle of the embryo is the notochord. 



blastopore, which is also the typical seat of origin of the mesoblast, but in Amphioxus they 
are formed by longitudinal folds of the wall of the archenteric cavity, which grow from 
before backwards, and become separated up into segments in their progress. In most vertebrates 
above Amphioxus the mesoblastio outgrowths are from the first solid, not hollow (although a 
split may early, and does eventually in any case, occur in them, the coelom being thus pro- 
duced), nor do they originate so distinctly from the entoderm, but arise rather at the junction 

^ Except the Codlenterata which have only the two primary layers. 
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of this with ectoderm at the margin of the blastopore, and in the higher forms, especially 
mammals, may even be largely derived from ectoderm. It is nevertheless for many reasons 
probable that the origin in a pair of hollow diverticula, as above described, is to be looked 
upon as the typical one, and that as a solid outgrowth, subsequently becoming split or hollow, 
as a secondary modification.^ It is questionable, however, whether there is so considerable a 
difference between the external and internal portions of the wall of the diverticulum that 





Fig. 29.— Si«non 10BO88 ax iifPHioiiTs bxbrto ov about thb staqbs shown in fio. 28, J. to 

III. (Hatschek.) 

n.g.y neural groove ; 71. c, neural canal ; cA, rudiment of notochord ; met. torn., mesoblastic somite. 
In L, its cavity is in free communication with the alimentary cavity ; ep, epiblast ; hy, hypobla&t ; a/, 
alimentary cavity. In III. the cavity of the somite has extended on either side of the alimentary 
canal and forms a coelom, or body cavity {cce), 

these two plates of mesoblast should be regarded each one as of equal morphological importance 
with the epi- and hypoblast. 

It may also be doubted whether the parablastic cr mesenchyme elements are essentially 
different in their origin from the rest of the mesoblast.' In forms which are regarded as 
most typical, such as Sagitta and Amphioxus, they are not distinct in origin from that layer. 
In the simpler forms amongst the Craniata, as Cyclostomata and Amphibia, no origin 
distinct from the rest of the mesoblast has been described for these elements, nor has it been 
seen in mammals, in which, indeed, it is difficult to oonoeive an independent source for them. 
It is only in the highly modified meroblastic ova that appearances have been noted which have 
seemed to justify the ascribing a peripheral origin to the parablastic elements. But the evidence 
which has been hitherto adduced in favour of this view cannot be regarded as sufficient to 
justify its unconditional adoption, and it must be regarded as equally open to consideration 
whether the derivation from that part of the blastoderm which is most closely connected 
with the source of nutriment, viz., the yolk, of those, elements which are to form the blood 
and blood-vessels, and otherwise to minister to the nutrition of the early embryo is not to bo 
explained by the modified physiological conditions of these telolecithal ova. 
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EARLY CHANGES IN THE BLASTODERM. 



EABLY CHANQEB IN THE BIiABTODEBM, BE8TTLTING UST 
THE FOBMATION OF THE EMBRYO. 

FIRST APPBARANOX OF THB XMBRYO ; F0R1£ATI0N OF THX NSUBAIi GROOVB 
AND MSBOBIiABTIO SOMITB& 

Neural canal. — The blastoderm in mammals, as we have seen, eventually 
completely encloses the cavity of the ovum, and even in the large telolecithal ovum 
of the bird, it gradually extends so as to cover a large part of the yolk. But only 
a small portion of this membrane takes part in the formation of the body of the 
embryo, that portion namely which lies immediately in front of the primitive groove, 
and it is here that what may be regarded as the first trace of the embiyo makes its 
appearance — very soon after the outgrowth of mesoblast from the sides of that 




Fig. 30.— Embrtonio area, with outlivb of part op thb vascular area, prox a rabbit's 
OVUM or SBVBN DAYS. ^. (From Kolliker.) 

oOf vascular area ; ag, embryonic area ; pr, primitive streak and groove ; rf, meduUaiy groove. 

groove — in the form of a shallow furrow (fig. 30, r/), wide behind where it 
embraces the anterior end of the primitive streak, and at first narrow in front, and 
bounded on either side and anteriorly by a fold of epiblast ; which folds, in fact, 




Fig. 31.— Sbctiok across thb antbrior part of thb medullart oroovb op an early exbeyo 
OP the ouinea pia. (E. A. S.) 

ept folds of epiblast rising up on either side of the middle line, and thus bounding the medullary 
groove ; 111/7, middle of medullary groove ; hy^ hypoblast, which is in contact with the raedullarr 
epiblast at the middle of the groove, but is elsewhere separated from it by mesoblast, fiie, which hajB 
burrowed forwards between the two primary layers. A cleft is seen in the mesoblast on either side ; 
this is the commencement of the anterior part of the cuclom. 



FORMATION OF NEURAL CANAL. 
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cunv, 






Fig. 32. — Skctioks showiko ffiAois in the conyersioit of the xedullart groove into the 

KEURAL CANAL. FrOM THE TAIL END OF AN EJCBRTO OF THE CAT. (K. A S.) 

f/), fMy hy, epiblast, mesoblast, and hyx>obla8t ; m.g.^ medollaiy grooTO ; n.e. (in lY.), nearal 
canal ; ck, notochord ; eo*, ccelom ; am, tail fold of the amnion. 




82 THE NOTOCHORD. 

produce the groove which is enclosed between them. The groove which is thus 
early formed in front of, but not, as was formerly supposed, in continuity with the 
primitive groove (Dursy), is no less than the rudiment of the whole central nervous 
system, and it is accordingly known as the neural or medullary groove, the folds which 
bound it being termed the medullary folds. By the time that the neural groove is 
formed, the mesoblast has generally extended forwards from either side of the 
primitive streak, burrowing between the epi- and hypoblast, and as the folds become 
developed, this mesoblast fills up the space below the epiblast, triangular in section, 
which each fold encloses, so that on either side of the neural groove there is now a 
longitudinal thickening of mesoblast, entirely separated from its fellow of the 
opposite side by the meeting of epi- and hypoblast at the bottom of the neural 
groove (fig. 31), and gradually thinning off laterally into what is known as the 

Fig. 33. — MiDDLB OP THE SECTION SHOWN IN FIO. 31, 
MAQNIFIED TO SHOW THE lETAILS OF ITS STRUCTUEB. 

(R A. S.) 

«p, me, kt/j m.g. , as above ; nch^ notochordal thickening 
of median hypoblast. 

lateral plate of mesoblast. These two longi- 
tudinal thickenings of mesoblast give origin to 
most of the muscular and skeletal tissues of the 
^ _ body ; they form what may be termed the 

nc^* " paraxial as distinguished from the lateral meso- 

blast. Somewhat later the medullary folds 
become bent over the neural groove, and meet one another in the middle line 
(fig. 32). Here they blend together, and the groove becomes converted into a 
canal — the neural canal. Of the two layers of epiblast which are formed from 
the folds, one is now the roof of the canal, the other is the epiblast of the dorsal 
surface of the embryo. The layers are at first in contact with one another, but 
subsequently mesoblast passes between them (forming the memhrana reuniens 
superior of Remak). The closure of the neural groove begins in the posterior 
cephalic region, and thence extends forwards and backwards. 

NotoolLord. — Running along the bottom of the neural groove there may soon 
be seen, when the blastoderm is viewed from above, a linear shading, which appears 
to start from the anterior end of the primitive streak and passing forwards becomes 
gradually lost towards the anterior end of the neural groove. Transverse sections 
across the latter show that this appearance of shading is due to a longitudinal 
thickening of the hypoblast along the middle line (fig. 33) ; the central cells of 
this layer becoming enlarged and gradually separating themselves off to form a rod- 
like column, which lies between epi- and hypoblast just below the neural groove 
(fig. 32, ch). When so separated, the column is known as the clim'da dorsalis, or 
noiochord, a structure which, along the middle line of the early embryo, replaces the 
mesoblast, and which is at first, as before said, continuous with the united epi- and 
hypoblast at the anterior end of the primitive streak. The actual separation of the 
notochordal cells from the hypoblast occurs first a little behind the anterior end of 
neural groove, and progresses backwards, although the hypoblastic thickening occurs 
first at the posterior end of the neural groove and is in fact directly continuous with 
the united column of epiblast and hypoblast which forms the anterior end of the 
primitive streak. The neurenteric canal passes through the thickened posterior 
extremity of the notochord, where this is continuous with the anterior end of the 
primitive streak (see fig. 34). It is continued in mammals a short distance along the 
notochord as a canal (prolonged forwards into a groove) (fig. 34, 5), which has been 
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Kg. 34. — A SERIES 0? TRAHS\'ERSE SECTIONS THKOUGH THE NEPRENTERIO AND NOTOCHORDAL OAKAL 

OF A MOLE EMBRYO. (Ueape.) 

The embryo was slightly more advanced than the one represented in Fig. 25. The dorsal opening 
is shown in I., continued into the primitive groove ; the canal passes thence through the column of 
cells which unites the epiblast and hypoblast at the front of the primitive streak (11.), into the noto- 
chordal thickening of the hypoblast (III.)» along which it extends for some distance (IV.), and 
eventually opens ventrally (V. ) into a median groove, which is formed in the notochord&l thickening 
{rLeh.e.) 

ep, met ^y* epiblast, mesoblast, hypoblast ; p.gr. (in I. and II.), primitive groove ; c, neurenteric 
or notochordal cajial ; m.f/r. (in III., IV., and V.), medullary groove. 
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described under the name of the noiochordal canal, and corresponds with the hypo- 
blastic invagination, which in Amphioxus (fig. 29, 1., ch) also fonns the first stage in 
the development of the notochord. 

A flattening out and even eventually a duplication of this canal occurs in the chick and in 
various mammals at a somewhat later stage than that given in fig. 34. According to Spee, 
its cleft-like cavity may pass laterally into the commencing mesoblastic cleavage (coelom- 
invagination ?). 

The notochord is essentially an embryonic structure in mammals, although it does 
not completely disappear, for traces of it are to be found throughout life in the 
centre of the intervertebral discs. When fully developed it is a cylindrical rod 
composed of clear epithelium-like cells, enclosed within a special sheath of homo- 
geneous substance. These cells, although they may become considerably enlarged 
and vacuolated, undergo no marked histogenetic change and take no part in the 
formation of any tissue or organ of the adult. 

Separation of the embryo from tlie blastoderm. — The embryonic rudiment 
which thus first makes its appearance in the blastoderm, and which consists 
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Fig. 85. — Mksial sagittal sectton THRouan thr akterior end op an early sheep embryo 

SHOWING the commencing FORMATION OF THE FORE-GUT. (Bonnet ) 

<?p, epiblast ; Ay, hypoblast ; /.^., foregut, formed by folding over of layers ; aw, amnion (head fold). 
Below the foregut the cephalic coelom is becoming formed as clefts in the mesoblast. 

essentially of neural groove, mesoblastic thickenings, and notochord, becomes 
at a very early period marked off in front by a dipping down of the blastodermic 
layers immediately in front of the anterior end of the neural groove, so as to form a 
transverse curvilinear sulcus — the anferiw limitituj sulcus. This is at first wide 
and shallow, but soon deepens and narrows, and takes at the same time an oblique 
direction, curving downwards and backwards under the front end of the neural 
groove. The sulcus is really due to a growth forwards of the anterior end of the 
embryonic rudiment, over the part of the blastoderm immediately in front of it, so 
that this anterior end now projects as a distinct head (fig. 35). 

All the three layers are involved in the forward growth and overfolding which 
produces the head, so that a prolongation from the blastodermic cavity, which is of 
course lined by hypoblast, becomes included in the head, and the anterior part of 
the primitive alimentary canal, or fore-gut (f,g.) is thereby produced. Formexi in this 
way its front end is necessarily blind, and for a long while there is no mouth nor any 
communication between the fore-gut and the exterior of the embryo. The mouth 
becomes formed later by invagination from the exterior. 

In the rabbit, and also in the chick, the blastoderm at this time is still bilaminar in and 
near the middle line in front of the embryo, for the growth of the mesoblast has not yet 
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extended to this part. The head end of the embryo grows forward over this bilaminar portion, 
and since the embryo, as it becomes differentiated, tends to sink below the general surface of 
the blastoderm, the head which now overlies the bilaminar part produces a depression of this 
I>art towards the interior of the vesicle, so that the head of the embryo becomes enclosed by 
the bilaminar wall of the depression (fig. 36). The enclosing membrane, which is well marked 
in the rabbit, has been termed by v. Beneden the pro-am n ion : by an extension of mesoblast and 
of the mesoblastio cleavage between its layers, it afterwards becomes split into somatopleure 
and splanchnopleure, and the former becomes continuous with the true amnion (see p. 42). 
The stage of pro-amnion, if it exists at all, must disappear very early in the human embryo. 

Soon after the appearance of the anterior limiting sulcus, two lateral limiting 
sulci are seen running external and parallel to the medullary folds ; these lateral 
sulci, as they dip down, mark off the body of the embryo from the rest of the 
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Pig. 36. — DlAQRAMXATTC LONOITUDTNAL SECTIONS THROUGH THE EMBRYO OF THE RABBIT. ThB 
SECTIONS EHOW THE MANNER IN WHIi H THE PRO-AMNION IS FORMED BT A DIPPING DOWN OF 
THB HEAD AND ANTERIOR PART OF THE BODV INTO A DEPRESSION OF THE BLASTODERM, WHICH 
AT THIS PART IS FORMED OP KPIBLAST AND HYPOBLAST ONLY. ThE DI.\0RAMS ALSO ILLUSTRATE 
THB MODE OF FORMATION OF THE ALLANTOIS AND OF THE TAILFOLD OF THE AMNION IN THIS 

ANIMAL, (v. Beneden and Julin.) 

ep, epiblast ; hy^ hypoblast ; mty mesoblast ; rcp, parts of the coelom ; c(r\ pericardial coplom, the 
heart not being represented ; p*.a., pro-amnion ; "pl^ seat of formation of the placenta ; all, allantois ; 
afi», amnion. 

blastoderm, but they do not for some time progress far in development, the middle part 
of the future alimentary tract long remaining in free continuity with the cavity of the 
blastodermic vesicle (fig. 45, and fig. 49, ^, but becoming gradually more pinched off 
from it. That part of the cavity of the original blastodermic vesicle which does not 
form a part of the alimentary canal, but remains connected with it by a wide neck 
of communication, is known as the yolk-sac. At a later stage, when the "body walls 
are formed, and the yolk-sac, relatively greatly diminished in size, lies altogether 
outside the body of the foetus, it is merely connected by a long narrow duct, which runs 
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along the umbilical cord, with the intestine. This is termed the umbilical dicct, and the 
yolk-sac itself has received (in mammals) the name of umbilical vesicle (figs. 50, 51). 
Lastly, at the tail end of the embryo a hind-gut is produced. In the human 
embryo this appears to be formed by a protrusion from the posterior blind end of the 
enteric groove, and after the formation of the allantoic tube, but in most mammals 




Fig. 37.— Transverse section of the tail end op an embbto chick of the latter half of 

THE second DAT, AT THE PLACE WHERE THR VERTEBRAL SOMITES CEASE. ^. (From EoUiker.) 

m.f.f medullary folds, the neural canal beginning to close ; p.m., paraxial mesoblast ; l.m., lateral 
mesoblast ; ep. , epiblast ; hy, hypoblast ; ao^ primitive aorta ; cA, notochord ; p, coelomic cleavage of 
latei-al plate of mesoblast. 

and in birds it is produced by a folding over of the tail end of the embryo like that 
which occurs at the head end to enclose the fore-gut (figs. 45 to 47). The hind-gut 



Fig. 3S. — Embryo chick at the end of the second dat, seen from 
BELOW. ^. (From Koliiker.) 

FA, forebrain ; J 5, primary ocular vesicles ; CA, notochord ; iT, tubular 
heart ; om, vitelline veins ; Vd, entiance to the forepart of the alimentaiy 
canal within the cephalic fold ; in the middle part of the embryo, the 
protovertebral somites are seen (to the number of thirteen pairs) on each side 
of the canal of the spinal marrow and notochord. 

remains for a considerable time blind, until the anus becomes 
formed by invagination from the exterior. 

Cleavage of mesoblast. Formation of body cavity. — 

At a very early period, soon indeed after the formation of the 
neural groove, two important changes begin in the mesoblast. 
One of these is the cleavage of the lateral mesoblast (which is at 
first a continuous sheet) into two plates, one of which clings to 
the epiblast, and the other to the hypoblast. The cleft is at first 
small (fig. 37, p), but accumulation of fluid within it soon con- 
verts it into a cavity, which gradually spreads until the separation 
is ve:7 extensive (fig. 39, p. p.). The layer of mesoblast which 
clings to the epiblast eventually forms part of the body-wall, 
and is known as tiic sGmatopleure ; that which clings to the 
hypoblast forms eventually part of the wall of the alimentary 
tract, and is known as the splmrhnopleure. The cavity between these, which is 
formed by enlargement of the original cleft, is the coehm or body cavity (pleuro- 
peritoneal cavity of authors). 

Formation of mesoblastic somites. — The other change occurs not in the 
lateral but in the paraxial mesoblast, and consists in the occurrence at regular 
intervals transversely along the mass, of a process of thinning which produces its 
complete separation into distinct segments, so that when the embryo is viewed from 
above or below, these segments appear on either side of the neural groove as a 
linear series of small quadi'angular masses (fig. 38), which were originally termed 
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procoveriebrcB^ on the supposition (now known to be erroneous) that they are 
the rudiments of the future vertebrae ; they are more appropriately termed the 
mesohlasiic somites. 




Fig. 39. — Transtsbss section thbouqh the dorsal region of an embryo chick 07 45 hours. 

(From Balfour.) 

At epiblast ; C, hypoblast ; Mc, medullary camd ; Pr, protovertebra or mesoblastic somite ; Wd, 
intermediate cell-mass in which the Wolffian duct is becoming formed ; So^ somatopleore ; Sp^ 
splanchnopleare ; pp^ plenro-peritoneal cavity (ccelom) ; op, inner margin of area opaca ; w. thickened 
hypoblast of area opaca ; aa^ left primitive aorta ; v, blood vessels ; ch^ notochord. 



In Amphioxos (figB. 28, 29), the protoyertebrse are formed in common with the bodj cavity, and 
are successively separated off from before backwards from the coelomio fold as hollow cuboid 
somites, each of which, extends upwards around the neural canal and downwards along the 
sides of the alimentary canal, and subsequently divides into a dorsal or paraxial part which 
forms the protovertebne, and a ventral part which forms the lateral mesoblast. At first the 
hollow somites communicate individually with the alimentary cavity, but they become shut 
off from this long before the division whdch has just been mentioned. The ventral segments 
run together eventually, to form a continuous serous cavity. In sections of bird or mamTnalian 
embryos (fig. 39), the protovertebrse, although on the whole compact masses of meso- 
blast, yet often show a tendency to have their central cells loosely arranged, so as to give the 
appearance of an irregular cleft in their interior, and sometimes a definite cavity is formed in 
them, which may even be continuous with the coelomio cleft in the lateral mesoblast 

Protovertebras begin to be marked off in the paraxial mesoblast, a short distance 
from the anterior end of the neural groove, in what will eventually become the 
cervical region of the embryo. They are produced in succession from before back- 
wards, one or two only being at first visible on either side, and others being gradually 
added as the embryo grows in length, until a large number may at length be counted, 
extending from immediately behind the cephalic region to the region of the primitive 
streak. 

Cerebral vesicles. — Meanwhile a change of importance has taken place in 
connection with the anterior end of the neural groove, which has become enlarged, 
and soon exhibits a succession of highly characteristic median dilatations, separated 
from one another by slight constrictions (fig. 34). These dilatations, at a later 
stage, after they have become roofed in, along with the rest of the neural groove, 
are known as the cerebral vesicles. There is at first a simple enlargement, and 
behind this two others form in succession, so that the primary vesicles are three in 
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number, but subsequently the most anterior {fore-hrain) and posterior (hirid'hrain) 
each forms two vesicles, whereas the middle vesicle {mid-hrain) remains permanently 
undivided. Five vesicles are therefore then to be seen, and these give rise eventually 





Fig. 40.»SURFACE VIEW OF AN EARLT EMBRTO OF THE GUINEA PIO SHOWING THE COMMENOEHENT OF 
THE THREE PRIMARY CEREBRAL YE8I0LES (1, 2, 3) AS ENLARGEMENTS OF THE MEDULLARY GROOVE. 

Semi-diagrammatic. 

pr, primitive streak and groove. 

Fig. 41.— Rabbit embryo of the 9th day, from the surface, y. (Kdlliker.) 

The medallary groove is enlarged anteriorly and the primary optic vesicles are growing ont from 
the first cerebral enlargement. On either side of the head, the (doable) tubular heart is seen. Eight 
pairs of protovertebrae are formed. 



to the five fundamental divisions of the brain, while from the sides of the fore-brain 
the rudiments of the optic nerves and retinae grow out as hollow protrusions. 

Eeart and vajeioular system. — While this change is progressing in the 
neural canal, and the protovertebrae are becoming formed in the paraxial mesoblast, 
the first sign of a vascular system is beginning to make its appearance in the 
mesoblast on either side of the head in the form of a simple tubular vessel (fig. 
41), which becomes developed in the splanchnopleure in this situation. As the 
splanchnopleure and its accompanying hypoblast fold round on either side under the 
head to form the fore-gut, these two simple tubes necessarily come together in the 
middle line, and they then fuse together longitudinally to form a single tube, the 
primitive heart (fig. 38) ; this tube runs for a short distance in the mesoblast immediately 
under the fore-gub, and then divides into two branches, which pass laterally, so as to 
partially encircle the fore-gut, and thence course backwards along the body of the 
^mbryo on either side of the notochord. These two vessels form the primitive 
arteries {primilive aoi't^e), the part of each which encircles the fore-gut as it parses 
dorsalwards being known as the first aortic arch. On the other hand, the posterior 
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end of the single tubular heart bifurcates at an obtuse angle to form two large 
venous roots {primitive veins), which receive the blood from the vascular ai'ea on the 
yolk-sac when this is developed, and pass it on to the heart. These two primitive 
veins become the vitelline veins. 

The heart begins to beat very soon after its appearance, even whilst still filled 
only with a colourless fluid, and before receiving blood from the vascular area. 




Fig. 42. — ^Vascular area op ihb rabbit op 10 days. (v. Beneden and Julin.) 
The arteries and arterial capillaries are represented red, the venous capillaries and veins blue. 

Afterwards, when receiving and propelling the red blood from that area, and 
especially aiter it has become elongated and bent upon itself, it is one of the most 
prominent objects seen on examining the embryo ; projecting as it does freely into 
the yet widely open coelom immediately behind and beneath the cephalic region of 
the body. 

The first vessels to be developed are formed in mesoblast altogether outside the 
body and within a circular area {vascular area), which surrounds the developing 
embryo for a certain distance. The first appearance of red blood occurs in the form 
of isolated red points (blood-islands of Pander), which are scattered abaut within 
this area, and are especially numerous at its circumference, where they form an 
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almost continuous chain. These red points are small groups of coloured nucleated 
blood coi-puscles which have been developed within certain of the mesoblast cells in 
the manner explained in another portion of this work (see Histology, Development of 
blood-corpuscles and blood-vessels). The mesoblast cells in question form the blood- 
vessels of the vascular area by becoming united with one another into a capillary 
network, which becomes connected mesially with branches of the primitive aortse 




Fig. 43. — Vascular akka of thr rabbit op 11 days. (v. Beneden and Julin. ) 

The arteries are represented red, the veins blue ; the capillaries ai-e not shown. 
In both the stages illustrated, the terminal sinus is seen to be arterial. 

(vitelline arteries), and peripherally with a circular vessel {iei'minal sinus), arterial in 
mammals but venous in the chick, which forms the circumferential boundary of the 
vascular area. From the capillary network of the vascular area the blood is collected 
into two vitelline veins, which course backwai'ds and inwards to carry the blood of the 
area to the venous roots of the heart. This is the first circulation, or the circulation 
of the vascular area. It is also called the vitelline circulation, because the vascular 
area is developed in the mesoblast of the splanchuopleure layer which encloses the 
vitellus, and its capillaries are an important meaus of bringing the food material of 
the vitellus to the embryo. 
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DEVELOPMENT OF THE FCETAIi MEMBRANES; ATTACHMENT 
OP OVUM TO UTERUS. 

Having thus sketched out the manner in which the principal organs of the 
body first make their appearance, we may briefly consider the formation of certain 
stractures which have a purely embryonic existence, and are concerned either with 
the nutrition of the foetus and its attachment to the mucous membrane of the 
uterus (chorion, allantois, placenta), or serve the purpose of protecting the embryo 
against mechanical injuries by suspension in a bag of fluid (anmion). 

Formation of the amnion and chorion. — The amnion, which is only found 
in reptiles, birds, and mammals (amniota), is a membranous bag occupied by a clear 
albuminous fluid, and covers the whole of the embryo. It is developed from folds of 
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Pig. 44.— Diagram of a transverse section of a mammalian embryo showing the mode of 

FORMATION OF THE AMNION. TuE AMNIOTIC FOLDS HAVE NEARLY UNITED IN THE MIDDLE LIMB. 

Epiblast, blue ; mesoblast, red ; hypoblast and notochord, black. 

somatopleure, which are reflected from the head and tail ends and lateral boundaries 
of the embryo at an early stage.^ With the sinking of the embryo into the blasto- 
dermic vesicle or yolk, these folds grow up oVer the back (fig. 44) until they meet and 
coalesce with one another along the middle line, in such a manner as to form two 
distinct membranes, one of which, the inner, is the amnion (true amnion), while the 
outer membrane (termed the faUe amnion) becomes applied to the greatly thinned 
remnant of the zona pellucida, and eventually forms a complete external covering 
to the ovum and its contents. This external covering of the ovum has been long 
known as the choiion — a name which has, however, been applied by some embry- 
ologists to other structures.- It is fixed to the uterus by villi, which are 

* The head fold is preceded at a yet earlier stage by the bilaminar pro-amnion^ the formation of 
which has been already alluded to (p. 35). 

^ The term ** chorion " has been applied to various structures by embryologists. Originally used to 
denote the external covering of the developing ovum, it was employed successively for the zona pellucida 
(*' primitive chorion"), the epithelial enclosing membrane of the blastodermic vesicle, and finally for 
the external amniotic fold or false amnion, when this becomes formed. Lately it has been used to 
express the external albuminous enveloi>e of the undeveloped ovum, so that it is probable that 
much confusion may arise unless the meaning of the term be in each case clearly defined. It 
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attached to the uterine mucous membrane, and these villi subsequently become 
ramified and vascular when the growth of the allantois has brought the umbilical 
blood-vessels to the chorion ; but except in the placenta, they at length all become 
atrophied and disappear. 

It will be seen from the manner in which the true and false amnion are formed 
by a fold of somatopleure, that these membranes are composed of both epiblast and 
mesoblast. In the false amnion the epiblast becomes the outer layer ; in the true 
anmion it is the inner layer. The mesoblast of the one is separated from that of 
the other by a space occupied by fluid,^ and continuous with the coelom, with which 




Fig. 45.— DiAQBAH OF A L02T0ITUDIKAL SXCTION OF A KAMMALIAH EMBRTO, AFTER THE OOHPLETIOH 

OF TBB AMNION. 

in fact it remains continuous until the body walls of the embryo have entirely grown 
round and coalesced on the ventral surface — the final point of coalescence being the 
umbilicus. With this enclosing growth of the body walls the line of reflection of 
the amniotic fold is also carried downwards, so that the amnion is eventually 
attached around the umbilical cord, by which the foetus appears suspended in the 
amniotic fluid (fig. 50). 

In the gninea-pig, in which the epiblast is the innermost layer, the amnion is not formed 
as a fold, but results from an extension of the mesoblastic cleavage around the dorsal aspect 
of the central cavity ; this cavity thus becomes the cavity of the amnion. 

Formation of the allantois.— Both the amnion and the chorion are entirely 
extra-embryonic structures, i.e., they are external to the body of the embryo, and, 

will be used throughout this article in the sense in which it has hitherto almost invariably been 
employed in human embryology, to denote that external membrane of the ovum from which the 
villi (chorionic villi) which grow into the uterine mucous membrane spring, and this it wiU be seen 
presently, is that part of the external investment of the bh»todermic vesicle, which, when the amnion is 
formed, becomes the external amniotic fold or false anmion. 

^ Except in the later stages of gestation, when the amniotic and chorionic mesoblast become loosely 
united by jelly-like connective tissue. 
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although they minister to its protection and nutrition, take no part in the formation 
of any of its organs. But the case is different with the structure next to be 
described, viz., the allantois, a part of which does in fact eventually become 
converted into portions of the urinary and generative systems, although the greater 
part is also extra-embryonic, its function being to minister, through its accompanying 
blood-vessels, to the nutritive and respiratoiy exchanges of the foetus. 

The time of development of the allantois seems to vary much in mammals, and 
there is reason to believe that it is found in the human embryo at a very early 
period — indeed the earliest human embryos that have hitherto been described 
already possess an allantois. In most animals in which its development has been 
studied the allantois has been found to begin as a hollow prolongation of the posterior 
end of the primitive alimentary canal (fig. 46). It soon, however, becomes relatively 




Fig. 46. — LOHQITUDINAL SECTION THROUaH THK POSTERIOR EKD OF AN EMBRYO RABBIT, SHOWIHa THE 
OUTGROWTH Of THK ALLANTOIS. (KoUiker.) 

h, epiblast of trunk ; dd, hypoblast ; m, medullary or Deoral canal ; ch^ notochord ; hd, 
commencing bind-gut, which is becoming formed by a folding-over of the taU end of the embryonic 
blastoderm, v ; ed, blind end of hind gut ; al, allantois growing out from hind gat into aw, mesoblastic 
thickening ; e, epithelium of yolk sac ; dfy splanchnopleure ; hp, somato-pleure passing superiorly into 
am, tail fold of amnion ; s, is placed within the cavity of the amnion, and denotes the taU end of the 
embryo. 

shifted in position so as to come off from the ventral wall of the hind-gut, growing 
into the posterior extension of the mesoblastic cleft and eventually into the space 
between the false and true amnion, and carrying along with it its mesoblastic covering 
(figs. 86, 45). It is therefore composed eventually of two parts, viz., (1) a hypo- 
blastic sac which communicates, at first widely but afterwards by a narrowed orifice, 
with the hind-gut, and (2) an investment of mesoblast. This last is usually greatly 
thickened and very vascular, and is directly supplied with blood by two arteries 
(allantoic or umbilical arteries), which appear at first as a direct continuation of 
the primitive aortae. As the allantoic vesicle expands into the cavity of the false 
amnion, it carries the vascular mesoblast along with it, so that this mesoblast is thus 
brought to the inner surface of the chorion, over which its blood-vessels then spread 
so as to convert this hitherto non-vascular membrane into one which is richly 
supplied with blood-vessels. The chorion has grown in the form of ramified 
villi into the substance of the uterine mucous membrane or decidua even 
before this advent of the vascular tissue of the allantois, but the chorionic villi 
now receive blood-vessels and thus become vascularized, the interchanges between 
the foetal and maternal vascular systems, which are afterwards confined to one region 
only of the chorion and decidua — that which forms the placenta — occurring in the 
first instance over the whole superficies of the ovum. 
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Like the amnion, an allantois is only formed in the embryo of reptiles, birds, and mammals.^ 
It varies chiefly in the extent to which its hypoblastic part becomes developed. In reptiles, 




Fig. 47. — LONQITUDINAL SECTION AT A SLIQHTLT LATKB STACK THAN THAT SHOWN IN VIG. 46. 

The allantoic protroBion now springs from the ventral wall of the hind gut. Lettering as in fig. 46. 
(FromEolliker.) 

Fig. 48. — Karlt human ekbrto. (From His after Coste.) 

The embryo is enclosed within the amnion amy and is attached at its caudal end by the allantoic 
stalk, cdlf to the chorion. The yolk sac, ye, is still distinct from the allantoic stalk. 





Fig. 49.— Diagram or longitudinal sections through the human ovum at successive stages 
showing the dipping down op the embrto-rudiment into the blastodermic vesicle, and 

THE formation OF THE FOREOUT, AMNION, AND STALK OF THE ALLANTOIS BY THE FOLDING OF 
the BLASTODERM. (His.) 

i4m, head fold of the amnion (pro-amnion in h and c) ; Nbj yolk sac a and d are conditions of the 
embryo which have been seen and described ; h and c are intended to show how the conditions found 
in d may be brought about, and especially how the stalk of the allantois may be regarded as a direct 
continuation of the posterior end of the embryo, which according to His does not lose at any time its 
connection with the chorion or villous external membrane of the ovum. The curved dotted lines in c 
indicate the formation of the amnion and false aninion by the upgrowing of lateral folds (which have 
not as yet met in the median line). 

1 For a discussion of the origin and meaning of the amnion and allantois, see Balfour, " Comparative 
Embryology," II., p. 266. 
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in birds, and in some mammals, e.gf. ruminants, this portion forms a lai^ sao which ooonpiea 
the greater part of the cavity of the false amnion, and is filled by fluid (allantoio fluid) in 
which many urinary products can be recognized. (The ducts of the embryonic renal organs open 
into the pedicle of the allantois.) But in most mammals the development of the hypoblastio 
sac is far less extensive, and in some, including the human embryo, the allantois is mainly 
represented by a large mesoblastic outgrowth carrying the allantoic (umbilical) vessels to the 
chorion. There is also considerable variation in the period at which the allantois begins to 
develop. In the human embryo it is certainly formed at a very early period, probably even 
before the amnion is completed. In the guinea-pig, also, it appears early, although after the 
amnion. In this animal it is first developed as a solid outgrowth of mesoblast which projects 
from the line of junction of the hinder end of the amniotic bag with the blastoderm, and 
before the formation of a hind gut or of any part of the alimentary tube, a hypoblastio 
diverticulum being altogether wanting. In the earliest human ova in which the allantois 
has been investigated, it is already a tube of hypoblast which forms a direct prolongation of 
the posterior end of the primitive alimentary canal (fig. 49, ^, and is enclosed in a short 
stalk of mesoblast, by which the posterior end of the embryo is attached to the chorion, and 
through which, by the allantoic (umbilical) blood-vessels, the chorionic villi are freely 
supplied with blood. From the attachment of this stalk to the placenta (chorionic part), 
the hinder extremity of the amnion is reflected. The stalk in question is not the um- 
bilical cord, since it does not include the stalk of the yolk sac (vitelline duct), which only 
later becomes bound up with it. It is termed by His the abdominal stalk (Bauchstiel), 
the term allantois being by him restricted to the hypoblastic diverticulum. It is further 
considered by His to be probable that the human embryo never becomes completely detached 
from the chorion, but that it always retains its attachment to the outer membrane 
of the ovum at the hinder end, this abdominal stalk being regarded as a direct prolongation 
of the tail end of the embryo (fiof. 49). If this should prove to be the case, the 
human ovum would form an exception to the usual rule of a complete separation of embryo 
from chorion at the formation of the amnion, and subsequent re* attachment by outgrowth of 
allantois. 

Changes in the nteinia. Mode of attachment of ovun to ntems.^ — 

The mucous membi'ane of the pregnant uterus is known as the decidua. It is 
thicker and more pulpy than in the ordinary non-pregnant condition, and the 
glands are longer in proportion, but it is otherwise of similar structure except in 
the part where the placenta is about to be formed ; here it undergoes important 
modifications. The ovum, which has been fertilized and has passed through the 
first stages of development in the Fallopian tube, although considerably larger than 
the undeveloped ovum, is still an extremely minute object when it reaches the 
uterus. Here it speedily becomes imbedded in the soft and thickened mucous 
membrane, and this is soon reflected over and completely encloses the ovum, which 
thus comes to lie in a cavity within the decidua which is altogether shut oflf by the 
reflected part from the true cavity of the uterus. Different names have been given 
to these parts of the uterine mucous membrane which immediately enclose the ovum 
to distinguish them from that which lines the original cavity of the uterus. Thus 
the layer of membrane which has grown around the ovum is known as the decidua 
reflexa ; the part where the ovum first becomes attached to the uterus and where the 
placenta is afterwards formed, is the decidua serotina, while the membrane lining 
the true cavity of the uterus, is termed decidua vera (figs. 50, 51). 

With the subsequent growth and consequent expansion of the ovum the enclosing 
decidua reflexa expands also pari passu, encroaching more and more upon the true 
cavity of the uterus and coming into contact everywhere with the decidua vera. 
Eventually it blends entirely with the decidua vera, so that the two layers are indis- 
tinguishable and the original cavity of the uterus is obliterated (except at the 
cervix uteri). 

^ The foUowing account of tlie formation of the deciduee and of the placenta is confined as much as 
possible to what has been observed in the human subject. In other manimaLs important yariations in 
the mode of attachment of the ovum and in the formation and structure of the placenta are found to 
occur, 
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Both the' deciduA vera and the decidua reflexa originally contain tubular and somewhat, 
tortuous glands, which were discovered by Sharpey, and were by him supposed to minister, in 
the first instance, both to the nutrition and to the attachment of the ovum, the latter by 
affording- depressions for the chorionic villi to penetrate into the substance of the decidua. It 
has, however, since been shown that these villi do not directly pass into the glands, but 
rather tend to become attached to the interglandular surface, and indeed at the decidua 
serotina, where subsequently the main attachment of the chorionic villi occurs, the gland- 
lumina may become almost entirely obliterated before the villi are here formed. But the 
greatly enlarged glands of the decidua vera very probably furnish a secretion to assist the 
nourishment of the ovum previously to the full establishment of the placental circulation. 




Pig. 50. — DlAQRAMMATIC SKCTION OF THE PREQNANT HDMAN UTERUS AT THE SEVENTH OR 

EIGHTH WEEK. (Allen ThomsoD.) 

c, c, openings of Fallopian tubes into the cavity of the uterus ; c', cervix, filled by a plug of mucus : 
the letters c and c' are placed within the original cavity of the uterus ; dv, decidua vera ; dr, decidua 
refleica ; d<, decidua serotina ; cA, chorion with its villi growing into the decidua reflexa and d. 
serotina ; in the former the villi are becoming atrophied ; i/, umbilical cord, the dotted lines indicate 
bloodvessels within it ; a/, allantois ; y, yolk sac (umbilical vesicle) ; y\ its stalk, passing in the 
umbilical cord and connected with the intestine of the embryo, i ; am, amnion. 

The decidua undergoes remarkable structural chanties during the early months of 
pregnancy, some of these changes being common to all three parts of the membrane, 
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whilst others are special to that part (d. serotina) which enters into the construction 
of the placenta. The following is a brief account of these changes.^ 

With the supervention of pregnancy the mucous membrane lining the utems 
becomes thickened and the tubular glands l)ccome both dilated and greatly elongated. 




w^. 




m. 




Fig. 51. — Antbro-postkrior section op the gravid 
UTERUS AND OVUM OP PivE WEEKS. (Semi-dia- 
grammatic. ) ( Allen Thomson. ) 

o, anterior ; p^ posterior uterine waU ; m, mus- 
cular substance ; «, placed in the cavity of the utenis ; 
g, the glandular layer of the decidua vera ; r, the 
decidua reflexa ; *, decidua serotina ; c, cervix uteri ; 
cA, chorion with its villi, which are more highly deve- 
loped on the placental side ; f, the embryo enclosetl 
in the amnion, with the allantoic vessels passing along 
a short allantoic stalk into the placenta, and the 
umbiUcal vesicle lying free in the space between 
amnion and chorion. 

Fig. 51*. — Diagrammatic sections op the uteri nb mucous membrane, showing the changes which 
THE GLANDS UNDERGO WITH THE SUPERVENTION OP PREGNANCY (from Kuudrat and Engelmann). 

A, Diagram of the glands of the non-pregnant uterus ; w, muscular layer ; B, condition of the 
glands at the Ijcginning of pregnancy ; r, compact layer near free surface of decidua : the glands ar« 
her© somewhat enlarged but not very tortuous, and the mucous membrane is rendered compact by 
hypertrophy of the interglandular tissue ; sp, spongy layer, containing the middle portion of the 
glands greatly enlarged and tortuous, producing a spongy condition in the mucous membrane ; (2, deex)est 
portion of the glands, elongated and tortuous, but not much enlarged. 

This thickening of the membrane and enlargement of the glands goes on until the 
fifth month, so that by this time the decidua vera is nearly half an inch in thickness 
and its glands have undergone so considerable an elongation that they now no longer 
pass nearly straight through the membrane but run in a tortuous manner from the 

* For a more complete account of the changes in the uterus, and of the placenta, ths reader is 
referred to the list of papers at the end of this section, but especially to the works of Kundrat and 
Kngelmann, Leopold, and Minot, and for the comparative structure of the placenta to the classical 
investigations of Turner. 
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inner surface to the vascular layer, so that a vertical section of the membrane exhibits 
them cut quite as often obliquely or transversely as longitudinally. They are also 
generally dilated, but the dilatation is by far most marked at the mouths of the 
glands, which come thus to have a funnel-like shape, and in the deeper part of the 
membrane, where the dilatations look in Eections like a series of cavities, lined by 
cubical or flattened epithelium, and separated from one another by a relatively 
small amount of interglandular substance. This gives a spongy appearance to the 
part in question, and it has been accordingly termed the stratum spongiosum of 
the decidua (fig. 51*, B, sp). The deepest part of the glands, that, namely, which is 
in contact with and is imbedded in the superficial portion of the muscular coat, does 
not share in this dilatation, and its epithelium also retains the columnar character. 
The part of each gland between the funnel-shaped mouth and the dilatations above 
described, also becomes enlarged, but not to so great an extent, the hypertrophy of 
the mucous membrane being here chiefly confined to the interglandular tissue, which 
becomes filled with large epithelium-like cells (decidual cells of Friedlander) and 
with numerous and large capillary blood-vessels. This layer of the decidua has 
been termed the stratum campactum in contradistinction to the stratum spongiosum 
external to it (fig. 51*, B, c). 

After the fifth month, by which time the great increase in size of the ovum with 
its contained embryo has brought the decidua reflexa into close contact with the 
decidua vera, the latter begins to undergo an atrophic process, the result to all 
appearance of the compression and distension to which it is thus subjected. Its 
tissue becomes thinner and less vascular, and both the funnel-shaped mouths of the 
glands and those parts of the glands which run through the stratum compactum 
become gradually obliterated, so that eventually hardly any trace remains. In the 

Fig. 52. — ^DlAQRAMMATIO SBCTION THROUQH THB DECIDUJB 

AT THB EDOK OF THB PLAOBNTA (from Kundiut and 
Engelmann). 

c, «p, m, as in fig. 51*, B ; dv, decidua vera ; d a, decidua 
serotina ; d r, decidua reflexa. 

stratum spongiosum the spaces which have 
resulted from the dilatation of the gland tubes 
lose the lining epithelium, and become flattened 
out conformably to the surface, so that they now 
appear as a layer of compressed lacunae, sepa- 
rated by thin fibrous trabeculae (fig. 52, sp.). 

Similar changes occur in the decidua reflexa. 
That this is truly a fold of mucous membrane is 
evidenced by the fact that gland tubes can be 
seen to open upon both its surfaces. These gland 
tubes early become enlarged, and acquire an 
oblique or tortuous course, with dilatations in their deeper parte, i.e., in the middle 
of the thickness of the d. reflexa, so as to form here also a sort of spongy tissue. 
But the decidua reflexa sooner becomes expanded by the growing ovum into a 
relatively thin membrane, and the atrophic changes in the glands occur at an 
earlier stage, so that by the time that it has coalesced with the decidua vera hardly 
any traces of them can be discerned. 

In the decidua serotina (placental decidua) similar changes have been described 
in the glands, the final result being the formation of a spongy layer, with irregular 
clefts flattened out conformably to the surface, and from which the epithelium has 
entirely disappeared, accompanied by complete atrophy and disappearance of all the 
parts of the glands which are superficial to this layer, the only portions which 
remain nearly unaltered being the deepest parts of the tubes, which are partly 
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Fig. 53. — Section through a kormal placenta of seven months in situ (Minot). 

Am. amnion ; Cho, chorion ; Ft, root of a villus ; vi, sections of the ramifications of rilli in the 
intervillous spaces, the lai^ger b]o^(lve^8el8 witliin tlicm are represented black : D. deep Uyer of the 
decidua, showing flattened remnants of enlarged glands in spongy stratum ; Fir, uterine rein (f artery) 
opening out of placental sinus ; Alc^ muscular wall of uterus. 
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imbedded in the muscular coat of the uterus, and retain their epithelium. After 
separation of the placenta from the uterine wall at parturition, the uterine mucous 
membrane, with its epithelium and glands, becomes renewed from this deepest portion 
of the decidua serotina. 

The most important changes of structure occur in the superfcial part of the 
placental decidua, after the disappearance of the glands. The exact manner in 
which these changes take place has not been followed out, but the ultimate result is 
the replacement of the whole of this portion of the decidua, with the exception of a 




Fig. 54. — Sections illustrating the structure of the placenta (Minot). 

A, Tertical section through the margin of a placenta at full term ; Dy 2), deep layer of decidua ; 
Viy chorionic villi variously cut, their bloodvessels injected ; Si, marginal space of the placenta, 
nearly free from villi ; ri, aborted villi beyond the placenta ; Fihf canalized fibrine of liinghans, 
produced, according to Minot, by transformation of the superficial Uyer of the chorionic epiblast. 

6, decidual tissue from a placenta at full term : r, a bloodvessel ; dj df, decidual cells ; the latter 
with several nuclei. 

comparatively narrow ha^al layer next to. the spongy structure, into a series of inter- 
communicating vascular sinuses, which together constitute an immense flattened 
space (intervillous space), bounded internally (toward the uterine wall) by the basal 
layer just referred to, and externally by the chorion ; also, according to some 
authors, by a thin layer of decidua, the subchorionic mmibrane of Turner, which is 
described as lying inmiediately under the chorion of the ovum but so intimately 
incorporated with it as to be with difficulty demonstrable as a separate stratum 
except at the edge of the placenta. 

From the basal layer, partitions of fibrous decidual tissue pass towards the 
chorionic surface, and serve to partially sub-divide the labyrinth of vascular spaces or 
sinuses into a number of loculi (cotyledons). Each of these loculi is occupied by an 

s 2 
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arborescent tuft of villi continuous with the foetal chorion, and traversed by blood- 
vessels which are supplied from the branches of the umbilical arteries. These 
blood-vessels form a capillary loop in each villus, and these capillary loops are 
separated from the maternal blood in the placental sinuses not only by the capillary 
walls and the connective tissue of the villus, but also by a double layer of flattened 
epithelium-like cells derived either from the chorionic epithelium (Minot),i or from 
the decidual tissue, and, perhaps, in part representing an endothelial membrane 
belonging to the placental sinuses, which, according to Waldeyer, are lined by endo- 
thelium prolonged from that of the uterine vessels. 

Some of the chorionic villi are attached (1) by comparatively stout bands of 
fibrous tissue to the basal stratum of the decidua, (2) by finer bands of similar 
substance both to one another and to the 
septal prolongations of the decidua ; others 
hang freely into the placental sinuses. 
Thcs3 sinuses are supphed directly with 
arterial blood from tortuous branches of 
the uterine arteries which pass through the 



amnion. 



Cffl^C^ 




Fig. .55. — Diagram showikg the tissues covEniNo 

THE VILLI IN THE HCMAK PLACEKTA, AND 
THEIR RELATION TO THE DECIDUA ACCORDINQ 

TO Turner. 

Pf foetal tissue ; M, roaternal tissue ; rf, blootl- 
vessels in villus ; d\ blood in placental sinus ; 
c', layer of cells covering villus ; x, basement mem- 
brane covering villus (? endothelium) continued from 
uterine vessels ; (/«, decidua serotina ; <, tissue 
uniting villus to decidua ; ca, up, uterine vessels 
opening into sinus. 




Fig. f-^. — Diagram of the placenta (E. A. S ). 

anij amnion ; cA-, chorion ; «, placental sinus ; 
dsj decidua serotina ; *p, spongy layer ; m, 
muscularis ; a, v, uterine artery and vein open- 
ing into placental sinus. 

spongy stratum of the decidua serotina and through the basal stratum of the 
placenta to open into the sinuses without the intervention of capillaries. From 
the sinuses veins, which run very obliquely through the decidua, carry off the blood, 
and eventually pass into the veins of the muscular wall. The foetal villi are thus 
bathed by slowly flowing maternal arterial blood, and respiratory and nutritive 
exchanges may occur between the two kinds of blood, but there is no actual mixing 

' Minot describes both the villi and the sinuses of the placenta as bounded by the chorionic epithelium. 
This would agree very well with recent observations in the bat, hedgehog, and other mammals, which 
show that these spaces are originally developed in hypertrophied epiblast (see next page). 
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of the two fluids, nor is it possible to inject the foetus from the mother through the 
placenta, or the mother from the foetus. 

The question, which has been more than once raised, whether the intervillous spaces 
normaUy contain blood, may be now re^rded as settled in the aflirmative. lb has been 
usually held that they represent capillaries or veins of the decidua, which have become 
dilated and fused togrether to such an extent as to occupy the whole thickness of the 
placental part of that membrane, with atrophy of the intervening decidual tissue, which 
merely remains as a covering to the villi. But since the placental sinuses appear to be 
bounded superficially by the chorionic covering of the ovum, and it is in most places not 
possible to detect any decidual tissue between them and the chorion, it has been conjectured by 
some writers (KoUiker, Langhans) that they have become formed by extravasation of blood into 
a space between the ovum and the decidua, into and across which space the chorionic villi 
have grown. Although the development of these structures is insufficiently known in Primates, 
it has been shown in various manunals (Selenka, Duval, Hubrecht, Masius) that the first 
attachment of the blastodermic vesicle to the uterine wall is effected by the external layer of 
the epiblast, which sometimes splits off over the embryonic area as a distinct layer, and 
which, in some animals {e.g., hedgehog), becomes greatly thickened, and is connected by 
epiblastic villi to the decidua. This external layer of epiblast, for which Hubrecht has pro- 
posed the general name of trophohUut, causes the absorption of the uterine epithelium both 
of the surface and of the glands (where this epithelium has not previously been cast off) 
and comes directly in contact with the enlarging decidual vessels, the endothelium of which 
is actively proliferating. Within the thickened trophoblast clefts now make their appear- 
ance and are presently found to be occupied by maternal blood, which is derived from the 
vessels of the adjacent hypertrophied decidua. This blood flows therefore into spaces in the 
trophoblast, which are only bounded by fcetal epiblast, and t\ns primary placental circulation 
may be formed before any foetal blood-vessels have reached the chorion. Subsequently, when 
the vascular megoblastic villi become formed they extend into these spaces, pushing before 
them the epiblast ; by this layer they remain permanently covered and it also lines the 
enlarged spaces into which they have extended. 

The placenta is composed of two parts, one foetal, composed of chorion with 
its villi ; the other maternal, formed from decidua serotina. In its completely 



Fig. 57. — Traksversk section of a villus from 

A PLACE17TA OF SEVEN MONTHS (Minot). 

Three blocd*veBsels are seen within the villus, 
imbedded in a jelly-Uke connective tissue containing 
cells and fibres ; a, a, cell-layer covering villus 
(epiblast according to Minot ; according to others 
of decidual origin) ; /, a thickened portion of this 
cell-layer, which has imdeigone a fibrinous transfor- 
mation (canalised fibrin). 

developed condition, it is a circular discoid 
mass, weighing about a pound, 7 or 8 inches 
in diameter, thickest at the centre (1^ inch), 
and thinning away towards the edges, 
which are continuous with the compara- 
tively thin coalesced deciduae and chorion. 
Its inner surface is smooth and concave, 
and is closely covered by the amnion as by 

a serous membrane ; under this the larger branches of the umbilical vessels course 
before dipping into the substance of the placenta. From near the centre of the 
organ the umbilical cord passes off to the foetus. Its outer surface is incorporated 
with the uterine wall, but when detached from this by tearing through the spongy 
tissue of which the deeper part of the decidua is formed (as occurs in parturition at 
the expulsion of the foetus), the outer surface appears ragged and irregular, in 
striking contrast to the smooth amnion-covered inner surface. Examined under 
the microscope, the chorionic tissue (villi) of the placenta is found to be composed 
of jelly-like connective tissue, with branched and anastomosing cells (fig. 57) ; in 
some parts of the lai'ger stems white fibres are seen. What remains of the decidual 
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tissue has a fibrous appearance, with very numerous decidual cells, which frequently 
obscure the fibres (fig. 54, b). In and after the fifth month of pregnancy, a number 



iP%-, 



Fig. 58. — Frokt and side views op an earlt human ovum 
FOUR TIMES THE NATURAL SIZE (from Reichert). 

This ovnm is supposed to be of thirteen days after impreg- 
nation. The surface bare of viUi is that next the wall of the 
uterus, showing at c, the opacity produced by the thickened 
embryonic disc. The villi covered chiefly the marginal parts of 
the surface. 



of large multinucleated giant cells are found scat- 
tered about in the tissue. They occur most abun- 
dantly in the outermost layer of the decidua 
serotina, and have been described by Friedlander and by Leopold as growing at a 
later stage (eighth or ninth month) into the veins which pass through this layer, so 






Pig. 69.— View op the interior of the human oravid uterus at the twekty-fitth day 

(from Farre after Coste). 

M, uterine wall ; o, ovum with villous chorion ; dv, decidua vera ; dr^ decidua reflexa, divided round 
the margin of the ovum, and turned down so as to expose its pitted surface, which has been removed 
from the ovum. The right ovary is divided, and shows in nection the pUcated condition of the early 
corpus lateum. 
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as to produce a partial blockage of these veins, preparatory to the detachment of the 
placenta from the layer. 

The villi do not at first cover the whole surface of the ovum, but are deficient at 
the embryonic, and perhaps also at the opposite, pole. In the earliesc human ovum 
which has hitherto been described, 
that of Reichert (fig. 58), the villi, 
which are quite simple, occur in a 
broad zone around the circumference 
of the ovum, leaving the (somewhat 
flattened) poles smooth and free 
from villi, and on one of these poles 
a thickening of the wall of the 
vesicle could be detected, which was 
probably the embryonic area. But 
in all other early human ova which 
have been noticed, the chorion, 
which is now formed by the false 
amnion, is covered with ramified 
villi (shaggy chorion), and these are 
ah^ady vascularized from the allan- 
tois, and have grown into the sub- 
stance of the decidua refiexa and the 
decidua serotina, the formation of 
the placenta having already begun. 

Separation of the decidua 
uterine mucous membrane. — In 




Fig. 60. — PORTIOlf OP AN INJECTED VILLUS PROM A 
PLACEKTA OF ABOUT FIVE MOSTUS (Miuot). 



at birth, and regeneration cf the 

parturition, the pressure of the contracting 
muscular walls upon the uterine contents, and especially upon the amniotic fluid, 
causes a bulging of the membranes (consisting of the combined deciduoB, the 
chorion, and the amnion) through the os uteri. When the membranes are ruptured, 
the amniotic fluid first escapes, and subsequently the foetus is expelled. With 
further contraction of the uterus, the placenta becomes detached fi'om the uterine 
wall, separating along the plane of the dilated parts of the glands (stratum spongio- 
num of the decidua serotina), and as it is expelled, the separation extends around the 
decidua lining the rest of the uterus, which appears in the " after-birth " along with 
the chorion and amnion as a thin membranous skirt to the edge of the placenta. The 
deepest part of the decidua containing the bases of the uterine glands is everywhere 
left in connection with the muscular tissue, end from these basal portions of the 
glands, first the whole of the uterine glands, and subsequently the lining epithelium 
of the uterus become gradually regenerated. 
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DEVELOPMENT OP THE NEBVOUS SYSTEM. 

As has been already described, the whole of the central nervous system takes origin 
from the thickened walls of a dorsally situated axial groove, subsequently converted 
into a canal, which runs for^vards in front of the primitive streak, and the anterior 
end of which becomes enlarged and converted by constrictions into three successive 
vesicles, around which the several parts of the brain are formed, and which are 
known as the primary cerebral vesicles. The remainder of the neural canal is of 
nearly uniform diameter, and its walls become converted into the substance of the 
spinal cord, while the cavity itself becomes eventually the central canal of the cord. 
The walls of the neural groove are of course composed of epiblast, and it therefore 
follows that the whole structure of the central nervous system is laid down in 
epiblast, and consists in the main of more or less modified epiblastic elements, except 
where mesoblastio tissues subsequently penetrate into it, conveying blood-vessels 
into its substance. As was shown by Balfour, the same is in all probability true for 
all the nerves of the body, cranial and spinal, which either, as with the fibres of the 
anterior roots of the spinal nerves, grow directly out firom the neural epiblast, or, as 
with the fibres of the posterior roots, are formed and grow from masses of epiblast 
cells, which are separated off at the junction of the neural and general epiblast. to 
form the ganglia, ^om which the posterior root fibres appear to take origin (His). 
An exception must, however, be recorded for the olfactory tracts and bulbs and optic 
tracts and nerves, which, although derived from the neural epiblast, yet have a difierent 
mode of origin from all other nerves, both cranial and spinal, since they arise not as 
solid outgrowths of that epiblast, but as hollow protrusions from the brain, which 
only become solid at a later stage of development. We have then to consider the 
manner in which are developed (1) the spinal cord ; (2) the several parts of the 
brain ; and (3) the spinal and cranial nerves and their ganglia, as well as the ganglia 
and nerves of the so-called sympathetic nervous system. 

DBVXIiOPiaSNT OF TKIB BPINAIj CORD. 

Soon after the neural canal is closed (fig. 82, p. 81), it takes the form, along the 
greater part of the length of what is afterwards to become spinal cord, of a cleft- 
like cavity, with thick sides, and a relatively thin dorsal and ventral boundary (roof 
and floor). The parietes of the canal are wholly composed of long columnar epithe- 
lium cells, whose free borders, which are at first smooth, but later become ciliated, 
line the cavity, and whose attached extremities rest upon a homogeneous limiting 
membrane which early makes its appearance, bounding the embryonic cord, and 
separating it from the surrounding structures. These cells, therefore, extend at 
first through the whole thickness of the embryonic cord, and they have the closely- 
set, palisade-like chai'acter, with the nuclei at different depths, such as it is usual 
to find in long columnar epithelium. 

After a time, it is found that the cells (which have become always longer with 
the increasing thickness of the wall of the neural canal) show a tendency to branch 
and to unite with the branches of neighbouring cells. In this way a network or 
: spongework is produced, which extends throughout the greater part of the thickness 
of the embryonic cord ; at the same time the inner parts of the cells which immedi- 
ately line the canal retain their palisade-like arrangement, while the external or 
attached ends oft)en exhibit a radiating disposition, which gives a characteristic 
-radial character to the external layer of the reticular structure. The reticulum is 
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termed myelospongium, and the cells by which it is formed are spoken of as sponguh 
blasts (His) (fig. 61). 

Between the inner ends of the columnar epithelium cells or spongioblasts there 
is seen at a comparatively early period (four and five weeks in the human embryo) 
a number of rounded cells, with a considerable amount of clear protoplasm, forming 






Fig. 61. — Myelospongium prom spinal cord op three and a half weeks HrMAN embhyo (His) ^i?. 
Fig. 62. — Inner ends of spongioblasts with germinal cells, g^ between them ; from 

SPINAL cord of human EMBRYO (Uis). 

Pig. 63. — Inner ends of spongioblasts [Sp\ ; a gkrminal cell(</) and two transitional 

CELLS {Tr) FROM SPINAL CORD OF HUMAN EMBRYO (His). 

Fig. 64. -~ Three neuroblasts, fjlch with a nerve-fibre process growing out beyond the 

BASEMENT MEMBRANE OF THE EMBBYONIO SPINAL CORD (His). 



an interi'upted layer in this innermost zone. Their nuclei are mostly in one stage 
or another of karyokinesis (fig. 62). .They are termed by His the geiminal cells, and 
according to him they give origin to the cells next to be described. 

The third kind of cell {neurohlast) met with in the cord of the early embryo is 
one with a relatively large oval nucleus, and little protoplasm, but with a tapering 
protoplasmic prolongation directed outwards towards the surface of the cord. These 
cells are found in gi'oups, at first only in or near the layer of germinal cells (fig. G8), 
but subsequently in the outer layers (fig. 64). The prolongations are the com- 
mencements of the nerve-fibres, and they mostly converge either straight or with 
an arcuate coui-se towards what will subsequently be the place of exit of the fibres of 
the anterior roots. 

The outermost layer of the embryonic cord after the differentiation of the 
various kinds of cells above described is free from nuclei, and is composed of the 
partly reticulated, partly radially arranged external or attached extremities of the 
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spoDgioblastB. This may be taken to represent the white matter of the cord at this 
stage (all the rest representing grey substance) ; but there are at first no nerve fibrcs 
in it, the only structurcs which can be at all compared to nerve fibres being the 
prolongations of the neuroblasts^ and these lie either as arcuate fibres altogether in 
the outer part of the grey substance, or are passing out of the cord as the beginnings 
of the anterior roots from a mass of neuroblasts which forms the rudiment of the 
anterior cornu of grey matter (fig. 65). This mass constitutes in the human embryo 
of six weeks (fig. 66) the chief portion of each half of the cord. It forms a con- 
siderable projection which laterally almost reaches the surface, but vcntrally is sepa- 
rated from it by a thickening of the external or mdial zone, due to the appearance of 
longitudinally coursing nerve fibres within it : this is the beginning of the anterior 





Fig. 66. — Section op spinal cohd op four 'vteeks human embryo (His). 
The posterior roots are continued within the cord into a small longitudinal bundle which is the 
rudiment of the posterior white column. The anterior roots are formed by the convergence of the 
processes of the neuroblasts. The latter, along with the elongated cells of the myelospongium compose 
the grey matter. The external layer of the cord is traversed by radiating fibres which are the outer ends 
of the spongioblasts. The anterior commissure is beginning to appear. This figure is much more 
magnified thau the next one. 

Fig. 66. — Transverse section of the cervical part of the spinal cord of a human 
EMBRYO OP SIX WEEKS (from Kolliker). ^ 
c, central canal ; e, its epithelial lining ; at e' (superiorly), the original place of closure of the canal ; 
a, the white substance of the anterior columns ; g, grey subetance of antero -lateral horn ; J3, posterior 
column ; ar^ anterior roots ; pr, posterior roots. 

white column (a). By this time, also, although to a rather less extent, the posterior 
white columns have, simultaneously with the posterior roots, begun to make their 
appearance on either side of the narrow dorsal part of the neural canal (p). There is, 
however, only a relatively thin layer of grey matter (neuroblasts) separating the 
posterior white columns from the palisade-like lining of the canal, and as yet no 
sign of nerve fibres in the situation of the lateral columns, which are only repre- 
sented by a thin layer of the radial myelospongium. The roof and floor of the 
canal are also quite thin and undeveloped. 

At this period there is still no sign of either anterior or posterior (dorsal or 
ventral) fissures of the cord. These become formed as the comua of the grey matter 
grow out from the central mass, and as the anterior and posterior white columns 
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increafie in extent. The anterior fissure is simply a cleft left between the enlarging 
lateral halves of the cord ; the anterior commissure is fonned across the bottom of 
the cleft, which is thereby separated from the central canal. As for the posterior 
fissure, it is uncertain whether it is in part formed from the doi-sal portion of the 
constricted canal, which has become occupied by an ingrowth of pia mater, and 
converted into a mere septum of connective tissue, or whether this fissure with its 
connective tissue septum becomes formed independently of the central canal, which, 
as the fissure extends, gradually atrophies until it is eventually converted into the 
rudimentary epithehal tube which is persistent during life. 

In the sacral region of birds, the central canal expands into the rhomboidal sinus, and in 
the iiUnn terminalc of the human cord it remains relatively large. An open enlargement 
analogous to the rhomboidal sinus of birds, although relatively smaller, has been described by 
Tiedemann in a nine-week human foetus. 

The cord is at first oblong oval in section, with an angular depression in each 
side which serves to mark off the situation of the future posterior columns and 
their corresponding grey matter from the antero-lateral region. These two parts of 
the. lateral neural epiblast may be distinguished as the dorso-lateral (alar) and the 
ventro-lateral (basal) laminae ; with the former, the afferent nerve-fibres become 

Fig. 67. — Brain and spinal cord exposkd from behind in a fstus of 
THREB MONTHS (from Koliiker). 

hy the hemispheres ; m, the mesencephalic vesicle or corpora quadrigemina ; 
c, the cerebellom ; below this are the medulla obloDgata, mo, and fourth ven- 
tricle, with remains of the membrana obturatoria. The spinal cord, s, extends to 
the lower end of the sacral canal, and shows brachial and crural enlargements. 

connected, whilst from the latter the efferent fibres take origin 
(His). In the human embryo of six weeks, they are well marked 
off from one another, and their respective connections with the 
posterior and anterior nerve-roots are very distinct (fig. 66). In 
the upper part of the cord, the lateral nerve-roots (spinal accessory) 
also arise from the basal lamina. The characteristic cylindrical 
form of the cord is only attained with the development of the 
lateral columns. The cervical and lumbar enlargements are mani- 
fest at the end of the third month. 

Up to the fourth month, the cord and the vertebral canal 
increase in length jpari passu, but the vertebral column then 
begins to grow more rapidly than the cord, so that by the time of 
birth the coccygeal end of the cord is opposite the third lumbar 
vertebra, while in the adult its limit is the lower end of the first lumbar. Along with 
this relative shifting of the cord and its containing tube, the lower nerve-roots lose 
their regular rectangular couree, and become oblique. They alone, with the 
filum ferminaky occupy the lower end of the neural canal, where they form the 
cmula equina. 

The nerve fibres of the white columns are at first entirely non-medullated, and 
the white substance has a greyish transparent appearance. The medullary sheath 
is not formed simultaneously in all parts, but appears at different times in different 
parts corresponding with the tracts of conduction ; the last of these tracts to become 
medullated are the pyramidal tracts. 

The membranes are formed from mesoblast of the protovertebrae, which extends 
over and under the cord, and becomes enclosed along with that structure within 
the developing vertebral canal. The septa of connective tissue which are seen 
penetrating into the substance of the cord from the pia mater grow in from this 
mesoblast, carrying blood-vessels amongst the nervous elements. The neuroglia or 
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general sustentacular substance of both white and grey matter is probably derived 
from the spongioblasts, and is therefore, like the nerve-cells themselves, of epiblastic 
orgin. 



DJ&VXIiOPMSNT OF THX BBAIN. 

We have already traced the development of the cephalic part of the neural tube 
Bfi far as the formation of the primary cerebral vesicles. These, which are at first 
three in number (fig. 40), become subdivided so as to form five in all, which may 
be tei-med in succession from before back, the first, second, third, fourth, and fifth 
secondaiy vesicles. Of these five parts the first two, which represent the cerebral and 
thalamic parts of the future brain (third ventricle), are derived from the first primary 
vesicle, and the last two, the cerebellar and bulbar parts (fourth ventricle), ivom the 
third primary vesicle, while the third, middle, or quadrigeminal part, represents the 
undivided second primary vesicle (Sylvian aqueduct). These relationships, as well 
as the several parts of the brain which are eventually respectively formed in connec- 
tion with the vesicles, are shown in the subjoined table. 

Anterior end of third ventricle, fora- 
mina of Monro, lateral ventri- 
cles, cerebral hAnispheres, olfac- 
tory bulbs and tracts, corpora 
striata, corpus callosum, fornix. 



Anterior primary vesi- 
cle or fore-brain 



^ First secondary vesicle 
(^proseneepJialon) 



Second secondary vesicle 
(thalavieneephalori) 



ri. 



Middle primary vesicle f Third secondary vesicle 
or mid-brain \ (fneseneephalon) 



Third ventricle, optic nerve and 
retina, optic thalami, pituitary 
and pineal bodies. 

Aqueduct of Sylvius, coi-pora quad- 
rigemina, crura cerebri. 



III. Posterior primary vesi- 
cle or hind-brain 



^ Fourth secondary vesicle 
{ejfencephalan) 

Fifth secondary vesicle 
Qmeteneejfhalon) 



( Cerebellum. Pons. 



Fourth ven- 
tricle 



Medulla oblongata. 



The first and most striking change which occurs in the primary brain is the 
outgrowth on either side of the first primary vesicle of a hollow protrusion {primary 
optic vesicle)^ which becx)me8 developed eventually into optic nerve and retina 
(fig. 68). The changes which it undergoes in the formation of these structures will 
be considered when the development of the eye is dealt with ; suffice it for the 
present to say that the free hollow communication (optic stalk), which at first exists 
between the forebrain and optic vesicle, becomes gradually narrowed and at length 
obliterated, and that as development proceeds, the connection of the optic stalk 
becomes relatively shifted backwards, so that when the anterior part of the fore-brain 
is distinct from the posterior part, or thalamencephalon, the optic vesicle is connected 
wholly with the latter, a relationship which is maintained permanently, although 
partially obscured afterwards by the later connection which is formed between the 
optic tract and the mid-brain. Subsequently another pair of hollow outgrowths 
sprouts from the fore-brain, and these rapidly extend forwards, laterally and- back- 
wards ; they form the vesicles of the cerebral hemispheres. From the roof of the fore- 
brain (second vesicle) a median hollow protrusion grows upwards and forwards for a 
certain distance towards the vertex, and from the floor of the same vesicle another 
somewhat similar protrusion passes downwards and backwards towards the roof of 
the mouth. The former is the rudiment of the pineal gland, the latter of the 
i7ifundibulum, which becomes involved in the formation of the pituitary body. 

The principal parts of the brain appear aa thickenings in different parts of the 
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walls of the vesicles. Thus the corpora striata are formed in the floor of the hemi- 
sphere vesicles, whilst the principal mass of each hemisphere is formed from the 
roof and sides (mantle) of those vesicles, and the olfactory lobes are hollow out- 
Fig. 68.— Fore- PART op the embryo snows in fig. 38, 
VIEWED from the DORSAL SIDE. \". ^From Kolliker.); 

Z', fore- brain ; «, ocular vesicles ; 3f, mid -brain ; //, hind- 
brain ; hf part of the heart seen bulging to the right side : 
Vovif omphalo- mesenteric or vitelline veins entering the 
heart posteriorly ; Mr, medullary canal, spinal part : 
p, proto-vertebral somites. 



^Jt 




Vam 



— P 
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growths from them. The cavities of the hemi- 
sphere-vesicles become the lateral ventricles, and 
the cavity of the part of the fore-brain (or first 
secondary vesicle) from which they spring, forms 
the anterior extremity of the third ventricle. 
The optic thalamus is formed by a thickening 
of the lateral wall of the second vesicle, the 
cavity of which comes to be the main part of 
the third ventricle ; the corpora quadrigemina 
are thickenings in the roof, and the crura cerebri 
thickenings of the sides and floor of the third 
vesicle, which becomes the aqueduct of Sylvius ; 
the cerebellum and pons are respectively thick- 
enings of the roof and floor and the crura cere- 
belli of the sides of the fourth vesicle (anterior 
part of hind-brain), the cavity of which becomes 
the anterior (superior) part of the fourth ven- 
tricle ; and finally, the medulla oblongata is 
developed as a thickening of the wall of the 
fifth vesicle, the cavity of which expands from 

the central canal of the spinal cord to form the calamus scriptorius of the fourth 

ventricle. 

On the other hand, certain parts of the walls of the vesicles become thin and 

greatly expanded, and even eventually project into the cavities as folds of epithelium 

Fig. 69. — Outline of a lomqitudixal 

SECTION THROUGH THE BRAIN OF A 

CHICK OP TEX DAYS (after Mihalkovics). 

hf cerebral hemisphere ; o//, olfactory lobe 
and nerve ; »t, corpus striatum ; /r, lateral 
ventricle : ac, anterior commissure ; It, lamina 
terminalis; opr, optic commissure ; pify pitui- 
tary gland; tn/y infundibuluro ; ca <, intenml 
carotid artery ; i'\ third ventricle ; cA', cho- 
roid plexus of third ventricle ; pin, pineal 
gland ; bg, corpora bigemina ; amr, anterior 
medullary velum ; below which two la.st 
references are the aqueduct of Sylvius and 
crura cerebri ; cbl, cerebellum ; tr*, fourth 

ventricle ; 6a, basilar artery : ps^ pons Varolii ; ch\ choroid plexus of the fourth ventricle ; oW, medulla 

oblongata ; r, roof of fourth ventricle. 

covering ramified vascular expansions of pia mater (choroid plexuses). These 
vascular expansions occur along the lower border of the mesial surface of each 
hemisphere-vesicle (choroid plexuses of lateral ventricles) ; along the roof of the 
second vesicle (choroid plexus of third ventricle), and in the roof of the fifth vesicle 
(choroid plexus of fourth ventricle). 
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While these changes are going on in its walls the embryonic brain does not 
remain straight as at first, with its axis in a line with that of the spinal cord, but 
undergoes certain flexures (fig. 70), the general result of which is to bend the 
anterior end towards the ventral surface. The first of these flexures to make 
its appearance is a sharp bend opposite the base of the mid-brain and around the ante- 
rior end of the notochord. The result of this flexure, which produces a complete 
doubling round of the anterior part of the brain, is that the mid-brain is for a time 
the most prominent part of the encephalon. Later, the growth of the cerebral 
vesicles, and of the thalamencephalon, brings these parts again into prominence, and 
tends to obscure the flexure, which is, however, never actually obliterated. The second 
cerebral flexure, which is also very sharp and well marked, occurs in the region of 
the hind-brain (pons Varolii). It is in the opposite direction to the first one, its 
concavity being directed towards the dorsum of the embryo, and it produces the 
appearance of a deep depression at the part of the brain where it occurs. The third 
flexure is a more gradual one. It occurs at the junction of the hind-brain with the 
cord, the embryonic medulla oblongata being bent ventralwards from the line of 
direction of the medulla spinalis. 

The result of these flexures is that the axis of the embryonic brain takes a crook- 
shape, passing from the end of the spinal axis at first ventral, then dorsal, and then 
again ventral, finally bending sharply backwards towards its termination at the 
foramen of Monro. 

The second and third flexures become eventually almost entirely obliterated with 
the further growth of the brain. 



FURTHER DETAILS RXaARDZNa THE DEVBIiOPMENT OF SPflOZAIi PARTS OF 

THE BRAIN. 

The fifth cerebral vesiole: bnlbaar vesicle, or metencephalon. — This 
part of the cmbiyonic brain, afterwards to become the medulla oblongata, often 
shows at its first appearance — especially in the chick — a series of slight constrictions 
(fig. G8), which have by some been taken to indicate a segmentation of the neural tube. 
But even where they occur they are quice temporary, and the fifth vesicle soon becomes 
a well marked dilatation opening out from the anterior end of the embryonic spinal 
cord. Its wall, like that of all the other cerebral vesicles, is composed of cells 
similar to those of the rest of the neural tube, and the histogenetic changes which 
occur to form the nervous tissue are also entirely similar. 

Sections across this part of the neural tube are of a compressed oval outline in 
the lower part (fig. 71, A, b), but in the upper part, which afterwards becomes the 
lower part of the fourth ventricle, the thinning out and lateral expansion of the 
dorsal wall of the tube gives to sections of this and the next (fourth) vesicle the 
shape of an irregular triangle, or shield, the base of the triangle being directed 
towards the dorsum (roof) and the sides bent more or less sharply inwards about 
their middle to unite with one another ventrally at the apex of the triangle (figs. 
72, 73). This bend serves to mark a division of each side of the tube into 
two parts, a dorso-lateral and a ventro-lateral, which correspond, both in their 
situation and in their relationship to afferent and efferent nerves, with the alar 
and basal lamiuoe of the embryonic cord (p. GO), with which they are in fact 
continuous. The thinning out and lateral expansion of the roof in the region 
of the fourth ventricle tends to open up the angle which the ventral laminae 
form with one another, and to throw the dorsal laminse more to the side, so that 
what were previously the lateral boundaries of the neural tube come to occupy the 
so-called floor of the fourth ventricle, and since in this region the roof becomes 
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Fig. 70. — Profile vibws of the brain of huhan embryos at three several stages, 

RBCOHSTRUCTBD FROM SECTIONS (His). 

A. Brain of an embryo of about 15 days (the embryo itself is shown in fig. 117) magnified 35 
diameters. 

B. Brain of an embryo about three and a half weeks old. The optic vesicle has been cut away. 

C. Brain of an embryo about seven and a half weeks old. The optic stalk is cut through. 

A , optic vesicle ; H^ vesicle of cerebral hemisphere, first secondary vesicle ; Z, thalamencephalon, 
second secondary vesicle ; if, mid-brain ; /, isthmus between mid- and hind-brain ; Uh^ fourth 
secondary vesicle ; N^ fifth secondary vesicle ; Gb, otic vesicle ; /2/, fourth ventricle ; NlCy neck 
curvature ; Br^ pons curvature ; Pm,^ mammilary process ; Tr, infundibulum ; ///) (in B), outline of 
hypophysis- fold of buccal epiblast ; Bl^ olfactory lobe. In C the basilar artery is represented along its 
whole course. 
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reduced to a thin layer of flattened epithelium, the subs-ance of this part of the 
medulla oblongata is wholly formed by a thickening of the shifted lateral boundaries.' 
In these, the bend marking the distinction between the ventral and dorsal laminaB — 
now by change of position mesial and external— continues to be evident, and is in 
fact recognizable even in sections of the fully-developed brain. 

Of the longitudinal columns of the medulla oblongata the restif orm bodies first beoome 
prominent (third month in the human embryo). The (anterior) pyramids are obvious in the fifth 
month, and the olivary tubercle about the sixth. But before any of these, and indeed with 




Pig. 71. — SlOTIOSS ACROSS THE RSQIOR 0? THB OALAXUS SCRXPTORIUB OP THE BRAIH BEPBISEHTED 

w Fio. 70, A (His.) 

A, region of the gloflsopharyn^i^eal ganglion. 

B, of the auditory-facial ganglion. 

Fig. 72. — Sections across the pourth ventricle of a somewhat older embrto (His.) 

A, section taken through the lower part. 

B, across the widest part (trigeminns region). 

C, through upper part (cerebellar region). 

r, roof of neural canal : a/, alar lamina ; W, basal lamina ; v, ventral border. 

Fig. 78.— Sections across the lower half of the fourth ventricle of a still older exbeto, 

SHOWING GRADUAL OPENING OUT OF THE NEURAL CANAL AND THE COMMIINCINO FOLDING OVER OF 
THE ALAR LAMINA (at/). 

V, ventral border ; t, taenia ; ot, otic vesicle ; W, recessus labyrinthu 

In the succeeding stage (not here represented) the angle at v has abnost disappeared, the fold/ has 
extended over the alar lamina, and the two thickened halves are in the same horiiontal plane, covered 
by a greatly expanded and thinned out roof. 

VOL. I. ' 
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the earliest appearanoe of the nerve roots, the white bundles — not jet medullated, how- 
ever — which are known as the ascending* root of the fifth, and the ascending root of the va^rns 
and glossopharyngeal (solitary bundle) begin to make their appearance, both being at first on 
the surface of the medulla. They gradually, however, become covered in by a folding over of 
the dorsal part of the alar lamina, and thus come later to lie imbedded in the substance of 
each lateral half of the medulla. This fold is shown in its commencement in fig. 73, A and 
B, /. According to His the bundles grow downwards towards the spinal cord from the places 
of entrance of the corresponding nerve roots, emerging from the ganglia, as in the case of the 
posterior spinal roots ; and after entering the medulla grow gradually along the course of the 
future 80-called ascending roots, so that the latter are at first visible only in sections taken 
near the places of entrance of the nerve roots into the medulla. 

The fourth oerebral vesicle: cerebellar vesicle, or epencepLalon. — ^Tbe 
constriction, which is at first obvious between this and the fifth vesicle, does not 
long persist, so that the two together form a long boat-shaped cavity which becomes 

Fig. 74.— Median section through 

THE BRAIN OF A TWO AND A 
HALF MONTHS FOETUS. (Hls.) 

Magnified 5 diameters. 

The mesial surface of the left 
cerebral hemisphere Is seen in the 
upper and right hand part of the 
figure ; the la^rge cavity of the third 
yentricle is bounded above and in 
front by a thin lamina ; below is seen 
the infundibulum and pituitary body. 
Filling the upper part of the cavity 
is the thalamus opticus ; in front and 
below this is the slit-like foramen of 
Monro. Behind the thalamus is seen 
another slit-like opening which leads 
into the gtill hollow external geni- 
culate body. 

olfy olfactory lobe ; p, pituitary 
body ; c q^ corpora quadrigemina ; 
chy cerebellum ; f».o., medulla ob- 
longata. 

the fourth ventricle. As in 
that part of this cavity which 
has already been described with the fifth vesicle, the roof inferiorly becomes greatly 
thinned and expanded. Superiorly the tube becomes gradually more contracted and 
the roof thicker, this thickening being the rudiment of the cerebellum and of the 
valve of Vieussem (fig. 74). In the meanwhile a considerable thickening of the 
lateral boundaries, which, as in the medulla oblongata, have been thrown outwards 
by the roof expansion, occurs, and from this the substance of the pons is gradually 
formed. 

The dorsal and ventral laminae of the lateral walls are still evident in this part of 
the embryonic brain. With the former, the sensory fibres of the fifth nerve are 
immediately connected ; with the latter, the motor fibres of the fifth and also the 
sixth and seventh nerves. 

In the human embryo the cerebellum is seen as early as the second month, 
forming a thin plate arching over the anterior part of this vesicle (fiig, 74). From 
this plate, which enlarges only gradually, is formed the middle lobe ; later the lateral 
lobes grow out at the sides. The cerebellar surface is at first smooth, but a sub- 
division into the subordinate lobes occurs in the fifth month, and the folia appear 
about the sixth. In the seventh month all the parts of the organ, except the 
amygdalae, are formed. 

Of the cerebellar peduncles, the inferior appear in the third month, the middle in 
the fourth, and the superior in the fifth. The transverse fibres of the pons develop 
pari passu with the lateral lobes, appearing about the fourth month. 
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The'tliird cerebral vesicle ; mesencephalon: mid-brain. — In this region 
no expansion of the vesicle with thinning of the roof occurs, as in the others, but, on 
the contrary, the roof undergoes considerable thickening {^g. 74). About the third 
month, this thickening becomes separated into two by a median groove. Theae cor- 
respond with the corpora bigemina of lower vertebrates ; it is only in mammals that 
they become further subdivided by a transverse furrow. This appears in man about 
the fifth month, and the eminences, which are at first large in proportion to the size 

Fig. 75.— F<BTAL BRAIN OF THE 
THIRD MONTH. (His.) 

The brain is represented in 
profile, bat the external virall of 
the right hemisphere has been 
removed to show the interior of 
the Literal ventricle with the cor- 
pus striatum curving round the 
bend of the fossa of Sylvius. The 
curved projections above the cor- 
pus striatum are infoldings of the 
mesial wall of the hemisphere 
vesicle. The lettering as in fig. 74. 

of the brain, thus become 
the corpora qvadrigemina. 

The fibres of the third 
nerve originate in the ven- 
tral lamina of this part of 
the neural tube: the ieg- 
mentum and crusla become »».o. ( 
formed as thickenings along 
the same lamina : the vesi- 
cle itself becomes the aque- 
duct of Si/lmus. 

In the constriction between the third and fourth vesicles {isthmus of His) the 
fourth nerve takes origin in the ventral plate of the neural tube. 

The second cerebral vesicle (thalamencepLalon). — It is from this part 
of the neural tube that the primary opHc vesicles are developed in the earliest 
period, and they are for some time in free communication with its cavity along the 
hollow optic stalks. But with the formation of the optic nerves and optic tracts, 
the stalks become solid, and are, moreover, connected posteriorly with the mid-brain 
by a prolongation backwards of the tracts. The optic thalamns of each side is 
formed by a thickening of the lateral wall of the vesicle (figs. 74, 78). The interval 
between the thalami forms the cavity of the third ventricle. Across it the grey 
commissure subsequently stretches. The floor becomes prolonged downwards into 
the infundibulum, and takes part in the formation of the pituitary body (figs. 69, 74). 
The roof, on the other hand, becomes like that of the fifth vesicle, thin and expanded, 
and remains as a single layer of flat epithelium cells inflected into the ventricle and 
subsequently occupied by vascular growths of pia mater (choroid plexus of third 
ventricle, fig. 69, ch^). But at the posterior part of the roof there is a transverse 
thickening to form the posterior commissure, and in front of this the roof grows 
upwards and forwards, but subsequently backwards (in man) as a hollow median 
process to form the pifieal gland (epiphysis cerebri). The median process soon takes 
on a tubular shape (fig. 69, pifi), and, after a time, becomes branched, and forms a 
number of tubular follicles lined by ciliated epithelium, and invested by vascular pia 
mater. These follicles tend, in man and mammals, as development proceeds, to 
become solid and occupied by calcareous deposit. But in some reptiles the pineal 
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tube remains single, and appears as the long stalk — ^partly hollow, and partly solid 
— of a rudimentary median or parietal eye, which occupies an aperture in the middle 
line of the skull (de Graaf, Baldwin Spencer). The pitnitaory body (hypophysis 
cerebri) is chiefly formed by a diverticulum of the buccal epiblast (diverticulum of 
Rathke) which grows upwards towards the base of the second cerebral vesicle, and 
dilates into a flask-shaped expansion which is at first simple, but subsequently grows 
out to form a small mass of epithelial tubes, the lumen of which becomes eventually 
obliterated. Against the posterior wall of this flask-shaped dilatation the infun- 
dibulum grows down from the floor of the second vesicle, and its extremity becomes 





Fig. 76. — Median sagittal sectiok of the head in earlt smbrtoes of the rabbit. Magnified. 

(From Mihalkovics.) 

A. From an embryo five millimetres long. 

B. From an embryo six millimetres long. 

In A, the faucial opening is still closed ; in B, the septum is perforated at /; c, anterior cerebral 
vesicle ; mCf mesencephalon ; mo, medulla oblongata ; m, medullary epibUst ; if (in B), inf undibulum ; 
ape, spheno-ethmoidal, be, sphenoidal, and spo, spheno-occipital psois of the basis cranii ; i, foregut ; 
ckf notochord ; py, buccal pituitary involution ; arri, amnion : h, heart. 

Fig. 77. — MbDIAN sagittal section of the INFUNDIBULUM and pituitary DIYBRTICnLUM IN A 
RABBIT EMBRrO, AFTER THE OPENING OF THE FAUCES. (From MihalkovicS.) 

he, basis cranii with basilar artery ; if, inf undibulum ; tka, floor of thalamencephalon ; py, pitaitary 
diverticulum, ikOMr closed ; p', stalk of original communication with the mouth ; pk, pharynx ; 
ch, notochord in the spheno-occipital part of the cranial basis. 

intimately connected with the dilatation, but without communicating with its 
cavity, although bound up together by the same vascular connective tissue. In 
connection with this extension of the infundibulum, nerve cells and fibres become 
formed ; in lower vertebrates they persist and retain their connection with the 
brain. The notochord extends in the basis cranii as far as the pituitary body. Just 
before reaching this, it bends ventralwards towards Eathke's diverticulum, and here 
blends with the buccal epiblast (Bonnet). 

Dohm has shown that in Petromjzon the hypophysis developes as a separate median 
diverticulum of the external epiblast which is formed between the nasal pit in front and the 
buccal invagination (stomodseum) behind, and grows straight backwards as a canal of some 
lenjrth towards the point of the notochord, where follicles develope from it and become con- 
nected with the infuniibulum. Later, its orifice is found to open in common with that of the 
nasal pit. 

The first cerebral vesicle: prosencephalon. — This is represented by the 
common point at the front of the third ventricle, whence the hemisphere vesicles 
diverge through the foramina of Monro, and by these vesicles themselves. The 
original vesicle is therefore relatively small, although its lateral outgrowths form by 
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far the largesfc porbion of the brain in higher vertebrates. The corpora striata 
appear as thickenings of the floor of the hemisphere vesicles, and outside them the 





Fig. 78. — Thbbb sections through the fore-braiv of a four and a half weeks embryo. (Hifl.) 

A. Through the lower anterior part of the fore-brain ; 5, falx : Sf. fold of roof passing below falx 
towards the third ventricle ; Bf, fold forming the sulcus ammonis ; v.JRlf h.Rl.^ anterior and posterior 
parts of olfactory lobe ; d, corpus striatum ; 0. JV, groove continuous with optic stalk ; P. 8, pars 
subthalamica ; 7'.c, tuber cinereum. 

B. Section a little further back. Sf is replaced by a less prominent but broader fold of the roof, 
Adf which subsequently receives the choroidal vessels, and is therefore the choroidal fold ; J/«, 
hemisphere vesicle ; Th, thalamus ; S. Af, sulcus of Monro, below and behind the thalamus. 

G. Still further back ; Ad, choroidal fold here projecting into lateral ventricles, but still free from 
mesoblast and bloodvessels ; Ma, mammillai^ tubercle. The other lettering as before. 
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grey and white matter of the island of Reil becomes diflPerentiated. The rest of the 
wall of the hemisphere vesicle {mantU of Reichert), although remaining for a time 
thinner than the floor, eventually thickens to form the whole of the grey and white 
matter of the hemisphere, except along the line where the mesoblast, which is to 
form the choroid plexus of the lateral ventricle, passes into the choroidal fold of the 
neural epiblast, which becomes thinned out over the invading mesoblast and con- 
verted into the epithelial covering of the plexus. 

The growth of the hemispheres takes place gradually. They extend at first some- 
what forwards and upwards, separated by a thin layer of mesoblast which forms the 



Fig. 79. — Transybrss sectioss 

THROUGH THE BRAIN OF A 

sheep's smbrto op 2*7 ex. I5 
LEKOTH. (Prom KolUker. ) 

In A the section passes through 
the foramina of Monro, in B throogh 
the third and lateral ventricles some- 
what farther back. H, corpus stria- 
tum ; thf optic thalamus ; t, third 
ventricle ; c, c\ rudiment of internal 
capstde and corona radiata ; Z, lateral 
ventricle with choroid plexus, pi ; 
A, hippocampus major ; /, primitive 
falx ; a, orbito-sphenoid ; «a, pre- 
sphenoid : p^ pharynx ; ch, chiasma ; 
o, optic nerve ; m, m, foramina of 
Monro ; /o, optic tract ; mi, Meckel's 
caitilage. 

falx, but soon begin to pass 
progressively backwards, so 
that by the end of the third 
month they have covered the 
region of the optic thalami, by 
the fourth month they have 
reached the corpora quadri- 
gemina, and by the sixth they 
cover not only the corpora 
quadrigemina, but also a great 
part of the cerebellum, pro- 
jecting even beyond this by 
the end of the seventh month. 
In front, and for some dis- 
tance backward over the roof 
of the third ventricle, where 
the vesicles are not separated 
by the falx, their mesial sur- 
faces come into contact, and, 
during the third month, partly 
grow together, but in such a 
manner as to leave anteriorly 
just in front of the third 
ventricle, a triangular area 
free in the middle, but completely surrounded at its periphery by the united parts. 
Thus is formed the cavity which is known as the fifth ventricle or ventrich of th$ 
septum lucidum, which at no time has any communication with the vesicles of the 
cerebral hemispheres, nor with any other of the cerebral vesicles. 
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The commissures of the cerebral hemispheres are also formed in the united portion 
of the mesial walls of the vesicles ; the anterior is the earliest to appear, thus 
ooinciding with the early appearance of the corpora striata, which it unites in front. 
The anterior part of the fornix, with its pillars, and the coi*pus albicans (which is 
at first single and median) are next formed, followed at a later period by the 
posterior pillars, which are seen running backwards on each side into the comu 
ammonis as soon as this structure becomes distinct. The corpus callosum is the 
last of the commissures to be formed. Its anterior part appears first, but as the 
hemispheres extend backwards the formation of the commissure accompanies the 
backward extension. 

The olfiu>tory lobes are formed as hollow outgrowths from the lower and 
lateral parts of the hemisphere vesicles (figs. 70, 74). In man they soon show a 
division into two parts, an anterior and posterior ; of which the latter remains in 
close connection with the hemisphere vesicle, while the anterior grows out towards. 





Fig. 80. — ^ThB 8URPACB OF THE P<ETAL BRAIN AT SIX MONTHS. (R. Wagner.) 

This figare shows the formation of the principal fissures. A, from above ; B, from the left side. 
F<t frontal lobe ; P, parietal ; 0, occipital ; Ty temporal ; a^ a, a, slight appearance of sulci in the 
frontal lobe ; «, Sylvian fissure ; t^y its anterior division ; within it, C, the central lobe ; r, Rolandic 
sulcus ; p, parieto-occipital fissure. 

Fig. 81. — ViKW OF THB INNER SURFACE OF THE 
RIGHT HALF OF THB F<BTAL BRAIN OF ABOUT 

SIX HosTHS. (Reichert.) 

F, frontal lobe ; P, parietal ; 0, occipital ; 
7*, temporal ; /, olfactory bulb ; //, optic 
nerve ; fpt calloso- marginal fissure ; p^p', parts 
of the parieto-occipital fissure ; A, calcarine 
fissure ; gr, g, gyrus fomicatus ; c, c, corpus 
callosum ; s, septum lucidum ; /, placed be- 
tween the middle commissure and the foramen 
of Monro ; t% in the upper "pari of the third 
ventricle ; t/, in the back part of the third 
ventricle ; t^, in the lower part of the third 
ventricle above the infundibulum ; r, reccssus 
pinealis ; pv, pons Varolii ; CV, cerebellum. 

the olfactory area of the external epiblast. After the first month these lobes are 
relatively small in size and their cavities become gradually obliterated, but in some 
animals, as in the horse, they are large, and their cavities are permanently in 
communication with the anterior cornua of the lateral ventricles. Their further 
development is given subsequently (p. 79). 

Formation of the fissures and convolutions. — The enlargement of the 
cranium does not always keep pace with the growth in extent of the walls of the 
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hemisphere vesicles, so that it happens that the former are thrown into folds 
separated by sulci, and the surface loses its smooth appearance. Such relatively 
rapid growth occurs during the second and third month in the human embryo, 
resulting in the production of a number of infoldings of the surfece, which are 
mostly transverse to the (bent) axis of the brain, although one or two on the mesial 
surface run parallel to that axis. These infoldings of the surface, which may be 
termed temporary or jyrimiiive sidrt, necessarily have a corresponding projection into 
the cavity of the thin- walled hemisphere vesicle (fig. 75). During the fourth month, 
probably owing to a relatively more rapid expansion of the cranium, most of these 
primitive sulci become obliterated, and the cerebral surface is again almost smooth. 
Three, however, of the primitive sulci remain as pennanent fissures of the brain,^ 
and since the fissure of Sylvius is also now formed, although in a somewhat different 
manner, the hemisphere of the human foetus at the beginning of the fifth month is 
marked by four well characterised sulci having corresponding projections into the 
interior of its cavity. These permanent primitive sulci are the following : — 

1. The hippocampal sulcus, corresponding with the projection of the cornu 
ammonis (hippocampus) into the lateral ventricle. 

B 




/fcir: occ. 



Fig. 82. — F(ETAL BRAIN OF THE BEaiNNI50 OF THE EIGHTH MONTH. (MihalkovicS.) 

A., from above ; B., from the side ; C, mesial surface. 
BOf Rolandic sulcus : 5y, Sylvian fissure ; par^occ^ parieto-occipital ; calCf calcarine ; pr.c, precenira! ', 
pU^ paraUel ; riU.par, intraparietal ; call.mar, calloso-marginal ; ttnr, uucua 

2. The parieto-occipital sulcus, corresponding with the bend of the posterior 
cornu of that ventricle. 

3. The calcarine sulcus, corresponding with the projection of the calcar avis. 

4. The Sylvian fissure, corresponding with the curve of the lateral ventricle. 

To these may he reckoned the longitudinal Infolding of the mesial wall of the 

* It is, however, uncertaib whether the temporary sulci (levclor»e into or whether they are replaced 
by corresponding permanent sulci. See on this subject a paper by D. J. Cunningham in the Journal of 
Anatomy, April, 1890. 
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hemisphere just below the hippocampal sulcus, which is caused by the ingrowth of 
the choroid plexus of the lateral ventricle. 

According to Ecker. the fissure of Sylvius is the first of the primitive sulci to appear. It is 
visible before the end of the third month, as a wide, shallow depression, which divides the lower 
marg^in of the hemisphere into two nearly equal portions, and at the bottom of which is seen 
the thickening of the floor of the vesicle from which the corpus striatum and the island of 
Beil are developed. This fissure appears to be formed by a curving of the still thin- walled 
hemisphere vesicle over that thickening, around which the vesicle bends ; and its anterior and 
posterior parts ultimately meet along the line which marks the posterior limb of the 
Sylvian fissure in the developed brain. The anterior Umb is produced much later by a further 
folding over of that part of the mantle which is in front of the fossa Sylvii. The fissure 
remains until nearly the end of fcetal life as a widely open depression, at the bottom of 
which the island of Rcil is readily visible. It closes gradually from behind forwards. 

The other sulci are distinguished from the four above-numerated in the fact that 
they are depressions of the surface merely, and not infoldings of the whole thickness 
of the wall of the hemisphere vesicle.^ They begin to appear about the end of the 
fifth month, the fissure of Rolando being the first to show (figs. 80 and 81). 

By the end of the sixth month the precenti-al and inferior frontal sulci, the 
intraparietal, the superior occipital, the parallel, the inferior temporal, the calloso- 
marginal, and the collateral fissures have become visible, as well as the anteiior 
limb of the Sylvian fissure. 

By the end of the seventh month (see fig. 82) most of the remaining principal 
convolutions and fissures have appeared, and those which were previously present 
have increased both in length and depth. They are, however, all comparatively 
short and simple. During the eighth month, they continue to increase in length 
and depth, and the remaining sulci become gradually developed, but even in the 
ninth month there are none of the accessory or secondary furrows which add so much 
to the complexity of the developed brain. The last of the principal sulci to make 
their appearance are the inferior occipito-temporal. 

DXVXLOPMXKT OF THX NXBVIBB. 

Spinal nerves. — At an early period of development, in some cases even before 
the closure of the neural groove, in others during or shortly after that event, there 

Fig. 88. — Traksverse section through tbb trunk of an embrio 

SHARK, TO {fEOW THE NEURAL CREST. (EalfoUT.) 

wf, ceural canal ; >r, ganglion mdiment running from neural 
crest ; z, 6ub- notochordai rod ; aOf aorta ; 5C, ] arietal niesoblast : sp, 
visceral mescblast ; wp^ mutcle plate ; rnp', portion of muscle plate 
converted into muscle ; J'i\ portion of proto- vertebra which will give 
rise to the vertebra ; a/, alimentary canal. 

grows out bi-laterally from the angle of junction of the 
neural with the g(neral epLblast (fig. 89), and conse- 
quently at the dorsal aspect of the neural tube a 
continuous ridge or crest of cpiblast, which was first de- 
scribed by Balfour in elasmobranch fishes : this is termed 
the neural crest. At intervals along the sides of the 
neural crest, corresponding with the middle of each 
mesoblastic somite or proto-vertebra, special clavate 
enlargements or outgrowths of the neural crest occur 
(fig. 83, pr). These grow downwards along the dorso-lateral aspect of the neural canal, 
between the protovertebra and the canal. They remain for a time attached above 

1 An 'jzception must, however, be made for the collateral fissure, which corresponds with the col* 
lateral eminence within the ventricle. 
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to the dorsal aspect of the neural tuhe, but that attachment becomes subsequently 
lost, and thej then form completely isolated portions of epiblast, composed of oval 
cells, and lying at the side of the embryonic cord between it and the muscle plates 
of the protovertebrae (fig. 84). These are the rudiments of the posterior-root 
ganglia. The remainder of the neural crest disappears : at least in most vertebrata. 
Some little time after the separation of these' ganglion-rudiments, the ventral or 
anterior roots of the spinal nerves begin to grow out from the ventro-lateral aspect of 
the neural tube. They were originally described by Balfour in elasmobranchs, as 
forming bud-like outgrowths from the neural epiblast, the outgrowths being com- 
posed of spindle-shaped cells (fig. 84, ar). But according to the recent and extended 





Fig. 84. — Section through the dorsal part op the trunk op a torpedo embryo. (Balfour.) 

Pf'f 9i «» spinal ganglion rudiment ; ar, anterior root ; chf notochord ; nc, neural canal ; mp, muscle- 
plate. 

Fig. 86.— Section op the ventro-lateral angle op the spinal cord op a pristiurus embrto 

SHOWINQ THE OUTOROWTH OF AN ANTERIOR ROOT-RUDIUENT. (His.) 

a.r^ axis cylinder processes of neuroblasts, forming the anterior root ; g, germinal cells in innermost 
part of wall of neural canal. 

observations of His in various classes of vertebrates, what actually grow out to foim 
the anterior roots, are the fibrous prolongations (axis-cjlinder processes) of neuro- 
blasts (r. aniea^ p. 58), which processes converge to the point of exit of the root 
and penetrate gradually into the adjoining mesoblast (fig. 85, a, r), where they 
come into close contact with the previously formed ganglion rudiments of the pos- 
terior roots.i 

The fibres of the posterior roots are developed, according to His, as processes 
from the oval celk of the ganglion rudiment. These cells are in fact neuroblasts, 
and from either end of each cell, which is thus rendered bipolar (fig. 86), a process 
becoming eventually the axis-cylinder of a nerve-fibre grows out, one towards the 
central organ, the other towards the periphery. The centrally directed processes 
soon reach and grow into the embryonic cord at its doi-so-lateral aspect, where they 
are presently seen in sections occupying an oval area near the periphery of the coid ; 



* The place at which the anterior roots spring from the cord is not opposite to the corresponding 
posterior root, but midway between that root and the succeeding one. 
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this area is the beginning of the posterior white column (fig. 87) : the further course 
and attachments of the ingrowing fibres in the cord are not accurately known, but 
they appear to bifurcate and extend both upwards and downwards (Ramon y Cajal). 
The peripherally directed fibres grow downwards and join the bundle of fibres of the 
anterior root, to form together with them the mixed spinal nerve {^g. 88). 

The axis-cylinder processes which are to form the fibres of the anterior roots 





Fig. 86.— Bipolar cell vrox spinal GAKaLioN of a 4} weeks embrto. (His.) ^^ 

Fig. 87.— Section op spinal cord of four weeks human embrtc. (His.) 

The posterior roots are contiDued within the cord into a small longitudinal bundle which is the 
mdiment of the posterior white column. The anterior roots are formed by the convei^gence of the 
processes of the neuroblasts. The latter, along with the elongated cells of the mTelospongium compose 
the grey matter. The external layer of the cord is traversed by radiating fibres which are the outer ends 
of the spongioblasts. The anterior commissure is beginning to appear. 

begin to make their appearance about the beginning of the fourth week in the human 
embryo (His). Their growth towards the periphery is slow; even by the end 
of the second month they have not reached the tips of the fingers and toes. 

Cranial nerves. — The neural crest is continuous along the dorsal aspect of the 
cerebral part of the neural tube as far as, and even beyond the mid-brain. As in 
the spinal part, clavate enlargements occur here also, but at somewhat irregular 
intervals, and form ganglion rudiments which become separated from the dorsal aspect 
of the tube, and acquire a new attachment on the lateral and ventral aspect. Such 
ganglion rudiments have been described for the third, fifth, seventh, eighth, ninth, 
and tenth nerves. 

In the chick the ganglion rudiments belonging to the cranial nerves appear as a 
thickening of the cephalic epiblast, just where it is folding round into the as yet 
unclosed neural canal (fig. 89, vg). This thickening, according to Golowine, is 
continuous laterally with a modified portion of the external epiblast (sensory 
epiblast), and soon becomes subdivided into three ganglionic groups, and these, later, 
into separate ganglions. There is a corresponding subdivision of the sensoi^ 
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epiblasfc into rudiments of special sense organs, which become gradaaliy shifted 
downwards and outwards away from the ganglion rudiments, and form the so-called 




Fig. 88. — Transverse section through the anterior part op the trunk of an embryo of 

ScYLLiUM, (Balfour.) 

sp.Ct spinal cord ; fp.ffi ganglion of posterior root ; ar^ anterior root; 6?n, dorsal ; «p.n, ventral 
branch of spinal nerve ; mpf muscle plate ; mp'^ part of muscle plate already converted into muscle ; 
mp. I, part of muscle plate extending into the limb ; »?/, nervus lateralis ; ao, aorta ; cA, notochord ; 
8i/.g, sympathetic ganglion ; ca.r, cardinal vein ; «rf, segmental duct; sty segmental tube ; f/w, duode- 
num ; hp.dj junction of hepatic duct vith it ; party rudiment of pancieas connected with another part 
of duodenum ; umc, opening of umbilical canal (vitelline duct). 



" branchial sense-organs " of Beard. They become connected subsequently with 
outgrowths from the posterior nerve-rudiments. 

These rudimentary sense organs have been described in mammals also (by Froriep). They 
appear to represent the special sense organs of the gill clefts of fishes, which were first de- 
scribed by Leydig (1850). Beard is of opinion that the nose and ear are also specialised 
branchial sense organs, the only ones that are persistent in higher vertebrates. This 
difiTerentiation of a special sensory portion of epiblast into rudiments of special sense- 
organs, occurs according to Golowine's observations in the chick, not only in the head but also 
in the trunk, where they in all probability represent rudiments of ** organs of the lateral line," 
such as are seen in fishes. 

Various observers have described the ganglion rudiments as actually becoming formed at 
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least in part at the expense of the sensory epiblastic thickening's. In connection with this 
qnestion it is worthy of note that from the sensory thickening which forms the olfactory area 
a ganglionic rudiment becomes formed which joins the olfactory lobe of the brain, and gives 
origin to the olfactory nerve-fibres (His). 

Even in the adult, as was shown by Thomsen, traces of pre-existent ganglionic structure 
can be found in the root of the third nerve, and similar traces of ganglionic structure have 



Fig. 89. — Tkaksvbksi skctio5 

THROUGH THE POSTERIOR 
PART OF THE HEAD OF AK 
EMBRTO CHICK OF 30 HOURS. 

(From Half oar.) 

hb, hind-brain ; vg, vagus 
nerve ; ep, epiplast ; ch, noto- 
cbord ; x, sub-notochordal rod ; 
ciZ, throat ; ht, heart ; pp, body- 
cavity ; tOf parietal mesoblast ; 
if, visceral mesoblast ; hy, hypo- 
blast. 

also been described by Gaskell 
in the roots of the fourth 
nerve, in the motor root of the 
fifth, and in the root of the 
seventh nerve. If these, as 
Gaskell supposes, indicate the 
pre-existence of sensory ele- 
ments in the roots, it is pro- 
bable that these nerves and 
ganglia have all been origi- 
nally developed like the posterior gangliated roots of the spinal nerves, as outgrowths from 
the neural crest. "VMiether they are joined by outgrowths corresponding to the efferent fibres 
of the spinal nerves, or whether they originally contain the elements of the efferent fibres, 
and thus resemble the spinal nerves of Amphloxus, in which there are no anterior roots, 
but both sensory and motor nerves are contained in the posterior roots, is not at present 
known. What is however clear is that the ganglion cells and afferent fibres in the roots of 
the third, fourth, motor of fifth and seventh nerves, eventually entirely disappear, the efferent 
fibres alone remaining, while in the roots of the sixth, eleventh, and twelfth nerves efferent 
fibres only are found, and ganglionic rudiments are not developed at alL 

As is shown in another part of this work (Neurology) the nuclei of origin of the efferent 
cranial nerves are disposed in two longitudinal series. One of these series comprises the nuclei 
of origin of the somatic efferent nerves of Gaskell, which correspond with the largest fibres 
of a typical anterior spinal root, and the series of nuclei is a continuation of the cell-column 
of the anterior horn ; the nuclei of this series are those of the hypoglossal, or twelfth, the 
sixth, fourth, and third. The other series comprises the nuclei of origin of the splanchnic 
efferent nerves of Gaskell, which correspond with the medium-sized and smallest fibres of a 
typical anterior spinal root, and the series is a continuation mainly of the cells of the lateral 
oomu or intermediolateral bract, and partly, perhaps, of the cells of the base of the posterior 
hoiii ; the nuclei of this series are those of the spinal accessory, those of the efferent fibres 
of the vagus and glosso-pharyngeal, the facial, and the motor nucleus of the fifth. 




AccordiDg to the observations of His, the distinction into an anterior or ventral 
(somatic) and a lateral (splanchnic) group of eflPerent fibres is well marked in the 
embryo by the fact that the two kinds of eflPerent fibres take origin from entirely 
diflTcrent parts of the basal lamina of the neural tube, those which correspond with 
the somatic eflferent fibres originating from groups of neuroblasts near the middle 
line, while the others take their rise near the junction of the basal with the alar 
lamina (see fig. 90). With the alar lamina itself the afferent fibres are con- 
nected, but they do not arise from groups of cells within it, as do the efferent fibres 
within the basal lamina : on the contrary, they effect their connection with the lamina 
by growing into it from a ganglion in the manner already described for the posterior 
roots of the spinal nerres, and they then appear in most cases to grow downwards 
in the direction of the spinal cord. This is stated by His to be the case with the 
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sensory root of the trigeminns, which thus forms the white bundle known as the 
ascending root of the fifth, but which in its actual growth is descending ; and also 
with the aflPerent fibres of the glosso-pharyngeal and vagus which grow downwards 
in the medulla to form the so-called solitary bundle.^ These are traceable in the 
adult as far down as the middle and lower cervical region respectively, but in the 
embryo are at first quite short, and limited to near the place of attachment of the 




Fig. 90, A and B.— Sections aoboss the hind-brain of a human embkto, 10 mm. long. (His.) If, 

In A, the origin of the spinal accessory and hypoglossal nerves is shown, the fibres of both arising 
from groups of neuroblasts in the basal lamina of IJie neural tube. In B, one of the roots of the hypo- 
glossal is still seen, and in addition the root of the vagus nerve. This is represented as in part arising 
like that of the spinal accessory in A, from a group of neurobhists in the basal lamina, and in part from 
a bundle of lonj^itudinally coursing fibres placed at the periphery of the aUr l&mina, and corresponding 
in situation to the commencing posterior white columns shown in fig. 87. 

nerve roots, becoming gradually longer as development proceeds. The solitary bundle 
is at first superficial, like the ascending root of the fifth, but it subsequently becomes 
covered in by the bending over of the alar plate, and the formation of nervous sub- 
stance in this. The ganglion-rudiments from which the ingrowth of these afierent 
fibres takes place, become the Gasserian ganglion of the fifth, and the jugular 
ganglia of the glosso-pharyngeal and vagus. 

The auditory nerve-roots appear also to be formed by an ingrowth from the cells 
of its ganglion-rudiment into the alar plate. Subsequently the ganglion-rudiment 
becomes subdivided into three parts, one forming an intracranial ganglion, and the 
others giving rise to the branches of the nerve to the cochlea and vestibule respectively 
(fig. 90, C). The part belonging to the cochlea (ganglion cochleae) forms ultimately 
the spiral ganglion ; while the one on the vestibular branch forms the gangliform 
swelling of Scai*pa. From a separated part of the ganglion cochleae the nerve to the 
posterior semicircular canal passes, as well as that to the macula of the saccule ; 
from the vestibular ganglion the nerves to the other ampullae and to the utricle, are 
derived. The geniculated ganglion of the facial is derived from the same ganglionic 

1 These bundles, therefore, are homologons with the rudiments of the posterior white columAf 
which are derived from the ingrowing fibres of the spinal ganglia (v. anleaj p. 74). 
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mass as furnishes the ganglia of the auditory nerve, but its cells are early distin- 
guishable by their larger size and clearer appearance. From these cells fibres, which 
are probably afferent (His), grow centrally into the hind-brain and peripherally along 




mQ.s. 



Fig. 90, C— Section from the saub embryo at the exit op the facial nerve. (His.) 
(c!everal sections have been combined to fonn this figure. ) 

VL, fibres of sixth nerve taking origin from group of nearoblajits in basal lamina ; VII. 6^.^, gang- 
lion genicnli of the facial ; VIII.(?.i.c, intracranial ganglion of auditory ; VIII. (7. v, ganglion vestibuli; 
VIII. 6^. c, ganglion cochleae. 



the nerve, mingling with its efferent fibres. Some of these afferent fibres may form 
the chorda tympani, but there are many more than are found in that nerve. 

The optic nerves take origin as hollow outgrowths of the brain, which afterwards 
become solid, while nerve-fibres become developed in their walls. Their mode of 
origin will be further treated of in connection with the development of the eye. 

The olfactory lobe, which consists of the olfactory bulb and tract (often 
spoken of as the firet or olfactory nerve), and the part of the base of the brain 
from which the tract arises, makes its appearance as a protrusion of the antero- 
ventral part of each cerebral hemisphere, extending towards the thickened olfactory 
area of the epiblast (see fig. 70, B, Rl ; and fig. 74, olf). This primitive olfactory 
lobe is early seen to be divided into anterior and posterior parts by a broad sulcus 
{^%, 95). Of the two parts, the anterior becomes considerably elongated, and 
ultimately forms not only the tract and bulb but also the trigoimm olfactorium, 
and a small area on the mesial side of this (termed by His Broca's area) ; whilst 
from the posterior, the larger part of the anterior perforated space (mesial to 
the lateral olfactory root) and the peduncle of the corpus callosum (gjrus 




Fig. 91. — CRAriAL NSRYES OF A HUXAN XMBRTO, 10.2 mm. long. (His.) ^. 

The cranial nerves are indicated by Roman, the spinal nerves by Arabic numerals. 

e. A, cerebral hemisphere ; thy thalamencephalon ; m.hf mid-brain; Mx, maxillary process; ifn, 
mandibular arch ; Hi/t hyoid arch ; the facial nerve is seen to send a branch (chorda tympani) across 
the byomandibular cleft ; O.g, Gasserian ganglion ; r.flr, ciliary ganglion ; r, vestibuKr, and c, cochlear 
part of auditory ; g.p^ ganglion petrosum of glossopharyngeal ; y.J, ganglion jugulare of vagus ; an 
anastomosis is seen between these ; g.tr, ganglion trunci of vagus ; JP, ganglion described by Froriep as 
belonging to the hypoglossal ; r.d, ramus descendens of hypoglossal ' ot otic vesicle. The eye is also 
represented, and a part of the heart. 




Fig. 92. — Diagram showirq the CEirrRiPKTAL akd centrifugal roots of the cranial vxrtks of 

THE SAME EMBRYO. (His. ) 

The places of exit of the nerves are marked by dotted circles or ovals. The efferent nerves (///., 
IFf mVf FIf Vlly part of /X, XI, and XII), are seen to arise within the nerve centre from groups of 
neuroblasts ; the afferent fibres {V.tt, VIII, v and c, most of IX, and X), pass a certain distance in- , 
wards, and for the most part also caudalwards in the nerve-centre, and there end. The ganglion rudi- ' 
ments from which they have grown are not shown here. They will be found in the preceding figure. 
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snbcallosns of Znckerkandl) are developed. These parts are separated even in the 
adalt by a sulcus, along which the mesial or internal olfactory root runs. 

The olfactory nerve fibres arise, according to His, from neuroblasts which 
become formed within the thickened epiblast of the olfactory area (see p. 96). 
This epiblast at a certain period of development resembles the neural epiblast, and 
whilst some of the cells become spongioblasts, others become pear-shaped, or spindle- 
shaped, and their processes grow as nerve fibres towards the olfactory lobe. Not 
only, however, do these fibres emerge from the olfactory epiblast, but some of the 
neuroblasts themselves also pass ont, and these form a ganglion which lies between 
the olfactory lobe and the olfactory area. Subsequently this ganglion, the cells 
of which are prolonged at either end into nerve fibre processes, becomes attached 
to and partially invests the olfactory bulb, with which it ultimately blends, forming 
the part whence the olfactory nerve fibres pass to the Schneiderian membrane 
(layer of olfactory-glomeruli and nerve fibres), whilst bands of fibres on the other 
hand grow centripetally and become the olfactory roots. These are in fact 
comparable to the centripetal (so-called "ascending") roots of the trigeminus, 
glossopharyngeal, and vagus. 

It is not until the third month that the part of the olfactory lobe which forms 
the bulb, begins to grow forwards away from the trigonum, and thus to form the 
olfactory tract. 

The cranial nerves, except the optic and olfactory, and the relations they bear to one 
another and to theyieceral arches of the head, are shown in fig. 91 as they occur in the human 
embryo of about four week& Fig. 92 distinguishes diagrammaticaUy the nerves which grow 
into the nerve centres (centripetal or afferent nerves) from those which grow out from the 
centres (centrifugal or efferent nerves), and the extent of growth inwards of the former in the 
same embryo. 

The sympathetic nerves and ganglia. — That these are merely ontgrowths 
of the cerebrospinal nervous system, nearly all recent observations, both morpho- 
logical and physiological, clearly show. But even before this fact had come to be 
generally recognized, it was known that they are developed in connection with the 
spinal nerves (Balfour), and indeed as offshoots from the posterior spinal ganglia 
(Schenk and Birdsell, Onodi). They appear for a time as enlargements upon the 
main stem of each spinal nerve, but afterwards become connected with this by a 
short branch (r. communicans) (fig. 88), and with one another by a longitudhial 
commissure. The branch in question contains the splanchnic fibres of the spinal 
nerve, and the sympathetic ganglia are its splanchnic or vagrant ganglia (Gaskell). 
The splanchnic ganglia of the cranial nerves are probably formed in a similar way, 
but their mode of development has not as yet been worked oat. 

The ciliary ganglion appears to be formed as an outgrowth of the Grasserian ganglion (fig. 
91, e.g.) much in the same way as the sympathetic trunk ganglia are formed as offshoots of the 
posterior spinal ganglia. In elasmobranchs it is derived from the ophthalmicus profundus 
ganglion, itself an offshoot .of the Gasserian (Ewart). 

Paterson has recently described the sympathetic chain of ganglia as developing in mammalfl 
(rodents) from a continuous rod of mesoblast lying on either side of the aorta, and as becoming 
only secondarily segmented and connected with the cerebro-spinal nerves. But observations 
upon earlier embiyos than were used by Paterson are necessary before the mesoblastic origin 
of the rod can be admitted. 
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DEVELOPMENT OP THE EYE. 

The first development of the eye oecars as a hollow protrusion of the anterior 
cerebral resicle — primary optic vesicle — in the manner abeady mentioned (see 
fig. 68, c, and fig. 93). The vesicle thus formed abuts externally against the 
external epiblast of the side of the head (fig. 96) ; and this external cpiblast opposite 
the most prominent point of the primary optic vesicle, becomes thickened and in- 





W/" 



opt 



Fig. 94. — Side vinw op anterior 

PART OF BRAIN OP MORK ADVANCED 
HUMAN EMBRTOy SHOWING THE 
PRIMARY OPTIC VESICLE FOLDED 
AND CUPPED. (His.) 

c7i, cerebr.ll hemisphere (part of) ; 
??/., olfactory lobe ; o/»^, optic cup. 



Fig. 93, A. — Brain of chick of 2nd day, 

VIEWED FROM BELOW, TO SHOW THE FORMA- 
TION OF THE OPTIC VESICLES BY OUTGROWTH 
OF THE SIDE OF THE FORE-BRAIN, AND AT 
THE SAME TIME BY THE FOLDING OVER OP 
THE ENLARGED PART, THE PRODUCTION OF 
A GROOVING OR CUPPING OF THE VESICLES. 

(His.) 

/.6r., i».5r., h.hr.^ fore-, mid-, and hind- 
brain ; opt., optic vesicle ; t, infundibulum. 

Fig. l»8, B.— Brain of human embrto of 

THREE WEEKS, SHOWING THE PRIMARY 
OPTIC "N^SICLES AS OUT GROWTHS FROM THE 
FORKBRAIN. (His.) 



Rg. 95. — Side view of the same part of 

THE BRAIN IN A STILL MORE ADVANCED 
EMBRYO, THE EYE HAVING BEEN CUT AWAT. 

(HU.) 

(ypUy cut end of optic stalk, showing the 
manner in M-hich it is folded ; t, infundibu- 
lum ; o//./). , posterior part of olfactory lobe ; 
oLf.a.y anterior part of the same ; c.A., cere- 
bi-al hemisphere ; i.e., tubes cinereum. 



vaginated, so as to fonn at first a hollow cup-shaped depression with thickened walls 
(figs. 97, 98), and subsequently by the closing in of the epiblast at the mouth of the 
cup, a hollow island of epithelial cells (fig. 99). This island, which is the rudimentary 
lens, lies between, but is entirely distinct from the external epiblast on the one hand, 
and the neural epiblast of the primary optic vesicle on the other hand. Its forma- 
tion is accompanied by a cupping in of the primary optic vesicle (figs. 94, 97, 98), 
which is invaginated before it, and this invagination is increased by an ingrowth 
of mesoblast, which occurs between the lens and the cupped optic vesicle, and 
which subsequently forms the vitreous humour. Invaginated in this way the 
cavity of the original optic vesicle becomes almost entirely obliterated, and appears 
merely as a cleft between the two lay era which form the wall of the so-called " optic 
cup." The inner of these two layera is ftom the first thicker than the outer, and in 
it are developed all the parts of the future retina from the membrana limitans interna 
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to the layer of rods and cones, while from the outer thinner layer the hexagonal 
pigmented epithelium of the retina, with its continuation into the uvea, is fonned. 
The invagination of the primary optic vesicle does not occur only opposite the 





Fi^. 96. — Part of a section through the 

HEAD of an early HUMAN EMBRYO, SHOWING 
THE CONNECTION OF THE PRIMARY OPTIC VESI- 
CLES WITH THE FOREBRAIN. (His.) 

dfy olfactory area of epiblast ; c.A, part of 
forebrain which gives rise to cerebral hemi- 
spheres ; th, thalamencephalun ; 2).o.v, primary 
optic vesicles. 



Fig. 97. — Section throdqh the same part of a 

MORE ADVANCED EMBRYO, IN WHICH THE LENS IN- 
VAGINATION IS FORMED, AND THE PRIMARY OPTIC 
VESICLES ARE CUPPED. (His.) 

o,c^ optic cap ; o.<, optic stalk ; /, lens invagina- 
tion ; c.A, cerebral hemispheres ; ik^ thalamencepha- 
lon ; t, infundibulum ; o^/", olfactory area. 





a-^ 



Fig. 98. — Vertical seotion through the middle of the developing eye of a chick of the 

THIRD DAY. (E. A. S. ) 

The section passes longitudinally throagh the deficiency in the lower part of the optic cup, and 
shows the mesoblast extending in between the lens invagination and the pigment layer of the optic cup. 

ilwXy thalamencephalon ; n.^j), neural epiblast; c.r/7, cutaneous epiblast; o.s.^ optic stalk ; o, o, 
cnvity of primary optic vesicle ; me, mesoblast ; r, mesoblast passing behind lens to form vitreous ; 
/, lens invagination. 

Fig. 99. — Section through the eye and optic stalk of a human embryo of five weeks. (His.) 

W.c,^ connection of optic stalk with thalamencephalon ; 8p^ cleft or fold in the stalk, M'here the 
arteria centralis retinas passes in ; P, pigment layer ; 72, retina ; X, lens. 
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place where the lens is becoming involuted, but also below, or ventral, to that place, 
80 that a section exactly through the middle of the optic cup at right angles to the 
axis of this part of the head, shows a gap in the boundaiy of the cup through which 
the mesoblast is passing into the space between the lens and the invaginated optic 
vesicle (fig. 98, t'). This gap or cleft soon becomes closed, but the suture or line of 
closure long remains apparent from the fact that when pigment begins to be de- 
posited in the eye, this so-called choroidal fissure remains for some tune unpigmented 
(until the sixth week in man). 

The ventral invagination is in mammals continued for a considerable distance 
into the stalk of the optic vesicle (fig. 95), and the simultaneous inclosure of 
mesoblastic tissue leads to the introduction of the central blood-vessels of the retina 
within the optic nerve. In birds no such infolding of the stalk occurs. 

The lower invagination of the optic cup serves not only to permit of the passage of meso- 
blast behind the lens for the formation of vitreous humour, but also to establish a direct 
connection between the nerve-fibres which are formed along the course of the optic stalk 
(future optic nerve) and the centre of the inner layer of the optic cup (future retina) (O. 
Hertwig). 

The malformation termed coloboma iridis is attributed to a persistence of the choroidal 
cleft, which extends behind the iris along with the retinal pigment or uvea, as far 88 the 
margin of the pupil. 





Fig. 100. — Horizontal SEcnoir through the eye 

OF AN EMBRYO RABBIT OF TWELVE DAYS AND SIX 

HOURS, 'f . (Kolliker. ) 

0, optic stalk ; h\ remains of the cavity of the 
primary optic vesicle ; py proximal lamella of the 
optic cup (pigmentum nigrum) ; r, distal lamella 
(retina) ; I, lens invagination, widely open at ol ; 
Vf papillar elevation in the bottom of the lens 
vesicle ; m, mesoblast ; g^ mesoblast of vitreous ; 
r, a blood-vessel at the anterior border of the optic 
cap ; e, cutaneous epiblast. 



Fig. 101.— Eyeball of a human embryo of 

FOUR weeks cut ACROSS, AND THE ANTERIOR 
HALF REPRESENTED FROM BEHIND. (KoUiker.) ^^\ 

pr^ the remains of the cavity of the primary 
optic vesicle ; p, outer layer forming the retinal 
pigment ; r, the thickened inner part giving rise 
to the columnar and other structures of the retina ; 
r, commencing vitreous humour within the optic 
cup ; r*, the cleft through which a vascukr loop, 
a, projects from below ; ly the lens with a central 
cavity. 



The hollow optic stalks are at first freely in communication with the thaiam- 
encephalon, or third ventricle. Nerve-fibres grow along their walls, from neuroblasts 
which develop in the retinal epiblast, and pass towards the nerve-centre (His), and 
the cavities of the stalks become thereby gradually obliterated, the radially striated 
epithelial-likfe arrangement of the wall being, however, long evident. A new con- 
nection becomes subsequently established between the posterior part of the optic 
stalks (optic tracts) and the mesencephalon, whilst the middle parts become united 
with one another to form the chiasma. 
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The development of the retina from the inner layer of the optic cup, has not 
been fully worked out. In its earlier stages it closely resembles in structure the 
wall of the cerebral vesicles, consisting of elongated epithelium-like cells, apparently 
arranged in several interlocking layera. Of these cells some become developed into 
nerve-fibres and nerve-cells (inner granules and ganglionic layer), others into susten- 
tacular tissue, similar to the neuroglia of the central ners'ous system (molecular 
layers, Miillerian fibres), whilst the outermost layer forms the sense- epithelium (W. 
Muller), or layer of outer granules, which is sharply marked off against the 
layer of hexagonal pigment cells by the membrana limitans externa, as is the nerve- 
fibre layer from the vitreous humour by the membrana limitans infxirna. For a long 
time there is no trace of the rods and cones. These begin to appear some little time 
before birth in man and most animals, but in animals which are born blind, such as 
kittens, not until after birth (M. Schultze), in the shape of small protuberances of 
the sense-epithelium cells growing beyond the limitans externa, and forming at first 
the inner segments of the rods and cones, and subsequently the outer segments also. 
The latter as they are developed become imbedded in the inner surface of the 
hexagonal pigment cells, which have become developed from the outer layer of the 
optic cup. 

The anterior third of the optic cup does not undergo the changes above 
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Fig. 102. — Section through the eve of a rabbit embryo, more advanced in development than 

THAT SHOWN IX FIQ. 98. (Bolfour.) 

Cf epithelium of cornea; 7, lens; me.Cj mesoblast growing in to form the substantia propria of the 
cornea; o.n, optic nerve ; rtf retina ; a.c.r, mesoblast for the formation of the vitreous humour, and 
the arteria centralis retinee. 

described. Its two layera become here developed into the comparatively simple pars 
ciliaris retinee, and in front of the ciliary region they extend forwards and inwards 
in front of the lens and in close contact with the back of the iris, where they form 
the thickly pigmented epithelium, which is known as the uvea and terminates at the 
margin of the pupil. 

Further development of the lens. — The hollow epiblastic vesicle from 
which the lens develops is composed of a thick posterior and a thin anterior layer 
which pass into one another at the equator of the lens, and enclose a cle^r fluid. 
In mammals, the vesicle when first formed also contains a small mass of epithelium 
cells which have become separated off from the posterior wall (fig. 100), but these 
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afterwards disappear. The thin anterior layer remains throughout life as a simple 
layer of cubical cells, and forms the so-called lens-epithelium ; but the cells of the 
posterior layer grow forwards into the cavity of the lens-vesicle as the lens-fibres : 
those in the middle being the longest and straight, while the rest are slightly curved 
with their concavity towards the equator, and become gradually shorter towards the 
circumference, where they pass through gradually shortening columnar cells {transi- 
tional zone) into continuity with the anterior epithelium. By the growth of these 
fibres the cavity of the lens-vesicle becomes obliterated. 

In this manner the central part of the lens is formed, and it consists in the main 
of fibres which pass in an antero-posterior direction. The remainder of the lens ds 
formed of fibres which are so disposed as to curve round its margin and over the ends of 
the first formed fibres ; they are, moreover, deposited in successive layers and in 
three (or more) separate sections, so that their ends abut against one another in front 
and behind along tri-radiate (or multi-radiate) lines, such as may be seen in the 
macerated lens. These later deposited fibres are all formed at the equator (at the 
transitional zone), where chiefly cell-multiplication takes place, and they grow hence 
meridionally backwards over the ends of the already developed antero-posteriorly dis- 
posed fibres of the central part of the lens. 

The capsule of the lens is early visible as a thin homogeneous membrane, the 
origin of which is still undetermined. According to some observers (Lieberktihn, 
Arnold, Lowe) it is derived from a thin layer of mesoblast, which passes in between 
the lens and the optic cup ; according to others (Kolliker, Kessler, Balfour), it 
appears before any mesoblast has passed in, and they therefore regard it as a 
cuticular deposit from the lens cells. In the human embryo, His figures mesoblast 
as existing from the first between the lens invagination and the optic cup {v, fig. 97). 

In connection with this question it must be remembered that the substantia propria of the 
cornea (see below), which is formed of connective tissue, and is therefore mesoblastic in 
nature, also at first makes its appearance as a homogeneous deposit before any mesoblast cells 
have passed in behind the corneal epithelium.^ Its chemical nature, and its continuity at 
the equator with the suspensory ligament and hyaloid membrane, certainly point to the lens 
capsule as being a connective tissue, i,e, a mesoblastic structure. 

Although the foetal lens like that of the adult is itself non-vascular, it is nevertheless 
externally freely supplied with blood-capillaries, which form a vascular tunic completely 
surrounding it outside the capsule. These capillaries are supplied by a branch of the arteria 
centralis retina which passes forwards through the centre of the vitreous humour; in 
front, at tha maigin of the pupil, they come into continuity with the vessels of the iris. The 
most anterior part of this vascular tunic forms a membrane which closes the aperture of the 
pupil in the middle periods of foetal life. In the human eye the whole tunic, together with 
the artery which supplies its vessels, becomes atrophied and is lost sight of before birth, but 
in some animals thejrujnllary Membrane remains apparent for a few days after birth. 

The vitreous humour appears to be formed from the mesoblastic tissue which 
has passed in between the lens and the inner layer of the optic cup by a gradual 
formation of a large quantity of ground-substance, whilst the cells of the tissue 
almost entirely disappear. The development of the hyaloid membrane has not been 
fully traced out, and the same may be said with regard to the zonule of Zinn. They 
are probably both formed by part of the same mesoblast as forms the vitreous humour 
^Lieberkuhn, Angelucci). 

The corneo-schrotic coaty the cJtoroid coat, and the iris are all derived from the 
mesoblast surrounding the optic cup. 

The corneal epithelium is a portion of the external epiblast, which originally 
rests against the front of the lens rudiment. The substantia propria come» 
first appears in the chick as a thin homogeneous layer lying immediately within 

^ kessler. however, looks upon this homogeneous deposit as being also a cnticular deposit formed by 
the epithelial cells. 
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this epithelium. Into this homogeneous layer mesoblast cells pass'from the margin, 
greatly thickening it and producing eventually the regular layers of fibrous tissue, 
which are characteristic of the cornea. No cells pass into the most anterior or 
into the most posterior stratum, which remain homogeneous (anterior and posterior 

Fig. 103. — Horizontal section 

THROUGH THE ETE OF AN IJIBRYO 
RABBIT OF 18 DATS. ^. (Kol- 

liker.) 

0, optic nerve ; p, hexagonal pig- 
ment layer ; r, retina ; re, ciliary 
part of the retina ; p\ forepart of the 
optic cup (rudiment of the iris pig- 
ment) ; g, vitreous, shrunk away from 
the retina, except where the vesseb 
from the arteria centralis retinae enter 
it ; t, iris ; mp^ membrana papillaris ; 
c, cornea with epithelium e ; ppy pa, 
palpebne ; /, lens ; C, lens epithe- 
liuni ; /, fccleiotic ; m, recti muecles. 

homogeneous lamellae of Bow- 
man). The epithelium of the 
posterior homogeneous lamella, 
or membrane of Descemet, is 
derived from mesoblast cells 
which grow in like the cor- 
neal corpuscles from the mar- 
gin and spread themselves 
over the posterior surface of 
the cornea, thus separating 
this from the iris and anterior 
surface ' of the lens. For a 
long while, however, there is no anterior chamber ; this eventually appeai-s as a 
( left-like space between the cornea and the structures immediately behind it. 

In mammals, all the above stages of formation have not been described. A 
complete layer of mesoblast is early visible lying between the corneal epiblast and 
the lens epiblast, and continuous around the margin of the lens with the mesoblast 
of the vitreous chamber. In this mesoblast a cleft makes its appearance, separating 
it into two parts, one of which adheres to the corneal epiblast, where it forms the 
substance of the cornea, the other to the lens capsule forming the pupillary membrane. 
This cleft is the rudiment of the anterior chamber. It does not become actually 
distended with fluid until a short time before birth (KoUiker). 

The sclerotic is formed entirely from mesoblast around the optic cup, probably 
continuous with that which forms the cornea, although it is only later that the 
cornea and sclerotic come to be completely amalgamated. 

The choroid coat is formed from the mesoblast which is immediately in contact 
with the outer layer of the optic cup, and the forward growth of the middle tunic 
closely follows that of the margin of the cup. The latter ceases at first at the 
margin of the lens, but subsequently grows forwards over the front of the lens as a 
thin double layer, which is closely covered externally with a continuation of the 
choroidal mesoblast. This is the iris, over the back of which both the layers of the 
cup-margin eventually acquire pigment and remain permanently as the uvea. The 
ciliary body is formed by a kind of hypertrophy of the optic cup, which developes 
radial folds, enclosing thin portions of mesoblastic choroidal tissue, in which, as in 
the rest of the choroid, numerous blood-vessels and branched pigment-cells become 
formed. 
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Accessory stractnres. — ^The eyelids make their appearance gradually as folds 
of integument, subsequently to the formation of the eyeball (fig. 103). About the 
third month of foetal life the two folds, one forming the upper and the other the 
lower lid, meet and unite by a growth together of the epithelium at the margins of 
the folds, so as to cut off the conjunctival sac from the exterior. A short time 
before birth they again become disunited. 

A third fold (of the conjunctiva) appears at the inner canthus, and in many 
vertebrates deveiopes into a well-marked third eyelid, the membrana niciitans. In 
man it remains rudimentary, forming the^Zti^ semilunaris. 

The glands, hairs, and other structures belonging to the eyelids, are deve- 
loped in the same way as the corresponding structures in the rest of the 
integument. 

The lachrymal gland is developed in the third month as a number of out- 
growths from the deeper layer of the epithelium, at the upper and outer part of the 
COD junctival sac. The outgrowths are at first solid, and branch into the surrounding 
connective tissue as with other racemose glands, subsequently becoming hollowed 
out and differentiated into ducts and acini. 

The ladirymal canals and ducts are usually described as being directly 
developed by the enclosure of the fissure which separates the lateral nasal process 
from the maxillary process (see Development of Nose, p. 95, and figs. Ill, 112), 
and which passes in the early embryo from the eye to the upper part of the naso- 
buccal cavity (lachrymal fissure). But it has been shown, chiefly by the researches 
of Born, that in most animals the canal is at first formed as a thickening of the 
rete mucosum of the epidermis, which sinks into the corium along the line of that 
fissure. The thickening subsequently becomes separated from the rest of the 
epidermis, and hollowed out to form an epithelial tube, which leads from the 
conjunctiva into the nasal cavity. 

The bifoioation of the duot where it opens on the conjimctiya is produced, according to 
Ewetsky, by a broadening ont of the epithelial cord at the inner canthus, and its subsequent 
separation into two parts by an ingrowth of oonneotlye tissue in its middle, the two parts 
deyeloping into the upper and lower lachrymal canals. 
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The essential part of the ear, viz., the epithelial lining of the labyrinth, is 
developed in much the same way as the crystalline lens, as an invagination of the 
external epiblast, which at first appears as a pit of thickened epithelium (avditory 
pitj fig. 104, A.), but is gradually converted by a growing together of the margins of 
the pit into a hollow island of epiblast, the auditory or otic vesicle (fig. 104, B). 
This process occurs somewhat after the formation of the eye is laid, and at quite a 
diflFerent part of the head, viz., on either side of the hind-brain just over the upper 
end of the first post-oral visceral clefb. The vesicle comes at first into close contact 
with the hind-brain, except where the ganglionic rudiment of the auditory nerve 
projects between them, but it subsequently becomes entirely surrounded by meso- 
blast, which separates it from both the neural and external epiblast. 

The hind-brain does not send out a hollow process towards the otic vesicle 
corresponding to the optic processes of the fcre-brain, but the auditory nerve 
deveiopes from a solid outgrowth of the neural crest in the same way as the 
posterior roots of the spinal nerves and parts of many other of the cranial nerves 
(see p. 78). 

The otic vesicle is at fii'st flask-shaped, with the somewhat elongated mouth of 
the flask directed externally towards the original point of connection with the 
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exterior. In elasmobranch fishes this connection is never closed, but remains 
throughout life in the form of a small duct-like tube which passes up through the 
cranial wall and opens on the epidermis. In other vertebrates the connection with 
the exterior becomes closed — in the chick during the third dav — nnd what remains 
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Fig. 104.— Sections through rkoion o? the Hnn>-BRAiir of htticak embryos, showing thrbi 

STAGES IN the DEVELOPMENT OF THE OTIC VESICLE. 

A, auditory pits ; B, simple auditory vesicles ; 0, auditory vesicles beginning to be fashioned into 
parts of the membranous labyrinth. 



Fig. 105. — Outline op the right labyrinth of a SJ 

WEEKS HUMAN EMBRYO, TO SHOW ITS RELATIONS TO 
THE PARTS OP THE AUDITORY NERVE. (W. His,jun.) 

a.ly section of hind brain ; g.r^ ganglion vestibuli in 
contact with the upper part of the labyrinth ; g.c, ganglion 
cochleie in contact with the lower part. The fibres of the 
corresponding parts of tlie auditory nerve which have grown 
from these ganglia into the hind brain, are seen to cross 
one another ; /, facial nerve. 

of the original mouth, or canal of connection 
with the exterior, is visible as a distinct but 
small process from the upper and inner angle 
of the vesicle, and is known as the recess of 
the labyrinth (fig. 104 c, r.l). Eventually it 
developes into a long epithelial tube, which 
through the petrous bone, with an expanded end lying within the skull 
underneath the dura mater. This tube and its expanded termination form respec- 
tively the endolymphatic canal and saccule (fig. lOG). 

In the meantime the auditory vesicle becomes elongated and begins to be 
irregular. Its ventral end projects as a distinct hollow process, at first straight, 
but soon becoming: curved ; this is the rudiment of the epithelial canal of the cochlea* 
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Other hollow projections appear near the dorsal end of the vesicle ; these form 
the two superior semicircular canals ; the horizontal canal appears a little later. 

The mode of formation of the canals is somewhat peculiar. They first appear as flattened 
semicircular hollow protrusions of the wall of the vesicle. Their sides then come together 
and coalesce, except near the circumference of the semicii'cle, which now forms a tube con- 
nected at both ends with the vesicle. Subsequently a separation or breach of continuity 
occurs over the area of coalescence, so that the rest of the tube is free. One of the ends 
becomes dilated into an ampulla and connected with a branch of the auditory nerve. 

Whilst these processes are occurring at the dorsal and ventral ends of the now 
elongated vesicle, a fold, or constriction, of the wall is beginning to make its 
appearance about the middle, and thus the posterior part which is connected with the 
semicircular canals becomes gradually separated (as the utricle) from the anterior 
part, which forms the saccule, and is connected with the cochlea. This fold extends 
into the beginning of the recess of the labyrinth, and separates it longitudinally for a 
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Fig. 106. — Stages ik the development op the membranous iabyrinth. (W. His, jon.) 

A. Left labyrinth of a human embryo of about four weeks, viewed from the outer side, r, vestibu- 
lar part ; c, cochlear part ; r,l, recessus labyrinthi (aquseductus vestibuli). 

B. Left labyrinth with parts of the facial and auditory nerves of a human embryo of about 4^ 
weeks. 6.6, surface of the hind brain ; «, utricular ; $, saccular part of labyrinth ; a.8.c., p.8,c,, 
e.8 c, rudimentary folds representing the two vertical and the horizontal semicircular canals ; r.l, upper 
part of recessus labyrinthi becoming enlarged into the endolymphatic saccule ; cc^ rudiment of cochlea ; 
n.r, vestibular branch of auditory nerve ; g.v, vestibular ganglion (ganglion of Scarpa) j g.c, cochlear 
ganglion ; «./, facial nerve, with geniculate ganglion, g.g. 

C. Left labyrinth of a human embryo of about five weeks, viewed from without and below. Letter- 
ing as before. The horizontal canal is btill only a fold. The ampullse are beginning to be visible on the 
two vertical canals. 



short distance into two tubes, one of which opens into the utricle, and the other 
into the saccule, forming the only permanent means of communication between 
their contents. Another fold, or constriction, appears presently, somewhat lower 
down, and converts the connection between the saccule and the cochlea rudiment 
into the narrow duct of Hensen (cafiah's re-nniens). 

In the meantime the cochlea-rudiment at the ventral end of the now labyrinthic 
vesicle, becomes elongated into a tube, which, as it grows, becomes coiled upon 
itself in such a manner as to produce the spiral structure of this part of the auditory 
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Fig. 107. — ^Transverse and slightly oblique section op the head op a fojtal shekp, in the 
RBQION of the HIND BRAIN. (From Fostcr and Balf GUI* after Boettcher. ) 

HB, inner sarface of the thickened walls of the hind brain ; B6, recess of the vestibule ; Y6, 
commencing vertical semicircular canal ; CC, canal of the cochlea ; GG, cochlear ganglion of the right 
Bide ; on the left side. G\ the ganglion, and N, the auditory nerve connected with the hind brain. 



Fig. 108. — Transverse section op 

THE head of a F(ETAL SHEEP OP 
FOUR-FIFTHS OF AN INCH IN LENGTH. 

(From Foster and Balfour after 
Boettcher. ) 

RV, recessus vestibuli ; VB, vertical 
semicircular canal ; CC, cochlear 
canal ; G, cochlear ganglion ; HB, 
horizontal canal. 

organ. This coiling, however, 
only occurs in mammals ; in 
birds, the cochlea is a short, 
straight blind tube. 

All these parts of the laby- 
rinth are, when first formed, 
simple epitheHal tubes sur- 
rounded by and imbedded in 
embryonic connective tissue. 
As development proceeds, and 
the skull begins to form, a 
cartilaginous capsule becomes 
developed around the several 
parts of the labyrinth, and 
this at length becomes ossified. 
The cartilaginous capsule does 
not closely invest the epithelial structures ; they are immediately surrounded by 
embryonic connective tissue, which forms an internal periosteal lining to the capsule 
and a special covering to the epithelial tube. These two connective tissue membranes 
are everywhere separated from one another by gelatinous connective tissue, composed 
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of semi-flaid ground sabstanoe and branching corpnacles, ezoept along one border, 
where thej are in continuity. Bat in the codilea the gelatinons tissue is above and 
below the epithelial tube, the place of the modiolus being occupied by embryonic 
tissue which is not gelatinous, and is connected with thkt lining the capsule by 
similar non-gelatinous tissue separating the turns of the cochlea from one another, 
and also running in the position of the future spiral lamina. 

The bone, which la formed l^ ossification of the oartiliiginouB oapsnle, is of ft spongy 
nature, bnt it becomes coated internally by layers of compact bone deposited by the periostohl 
lining. The modiolus and septa of the codilea, as weU as the osseous spiral lamina, are 
f orjned wholly in connective tissue without any preformation in cartilage. 

The perilymphatic spaces throughout the whole labyrinth are produced by a 
gradual vacuolation and disappearance of the gelatinous tissue which surrounds the 
membranous labyrinth. In the cochlea this conversion into perilymph begins in the 
proximal turn of the spiral and extends hence towards the distal end. It is only 
with the development of these perilymph-spaces (scalse) that the cochlear tube, 
which was previously oval in section, acquires the characteristic triangular section 
which we see in the fully-formed organ. 

The auditory nerve is large and early becomes separated into its two main divisions, ydsti- 
bular and cochlear. Each division has a large ganglion upon it (fig. 105), which extends 
to the anterior wall of the epithelial vesicle, and as the venlxal end of the vesicle elongates 
and assumes the spiral disposition, the cochlear nerve and ganglion extend along with it and 
take the same coiled or spiral form. 

The cells which form the waU of the epithelial tube become variously modified in different 
parts of the labyrinth to produce the characteristic structures which there occur, viz. : the 
hair-cells, the rods of Corti, the sustentacular cells of Deiters and the epithelium lining the 
labyrinth. The membrana tectoria appears as a cuticular deposit over the columnar cells 
which are becoming developed into the oigan of CortL 
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While the epithelium of the internal ear is formed by an involution of cutaneous 
epiblast in the manner which has just been explained, the middle ear with the 
Eustachian tube, and the external auditory meatus with the pinna are formed from 
the remains of the first visceral cleft, and from the parts of the mandibular and 
hyoidean arches which immediately bound the cleft. This deit at an early period 
forms an almost complete communication between the phaiynx and the exterior,^ but 
the broad cleft becomes gradually converted into a flattened tube, and this is presently 
found to be closed, both by the epiblast and hypoblast, which are from the first 
in contact at the bottom of the cleft, and also by an ingrowth of mesoblast, the 
rudiment of the membrana tympani being thus formed. There is at first no enlarge- 
ment of the flattened tube to represent the tympanic cavity, and the ossicles are 
developed not within, but altogether outside the tube, in a mass of gelatinous con- 
nective tissue, which is continuous with that forming the embryonic membrana 
tympani ; they are formed for the most part by ossification of parts of the carti- 
laginous bars, which extend from the otic capsule into the mandibular and hyoidean 
visceral arches (see Development of Skeleton). As' the tympanic cavity becomes 
formed by a gradual enlargement of the blind end of the closed hyomandibular deft, 
the gelatinous tissue retires before it, and as this tissue disappears, the ossicles and 
the chorda tympani which were previously entirely enveloped by it, are left projecting 
into the tympanic cavity, covered only by thin mucous membrane. The process of 
formation of that cavity is not, in fact, completed until after birth, when air becomes 
admitted into it through the Eustachian tube. 

> Vide footnote on p. 102. 
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The embryonic tympanic membrane is at first close to the exterior, the external 
meatus being scarcely existent, although the several parts of the external ear are very 









Fig. 109.— Sketches showing thb gradual development or the parts op the external ear 

FROM prominences UPON THE MANDIBULAR AND HYOIDEAN VISCERAL ARCHES. (His.) Variously 

inagnitied. 

F is an outline sketch showing the Eeveral pai*ts of a well-developed adult ear, Jrd natural size. 

], 2, prominences on the mandibular arch ; 3, prominence between the two arches, immediately 
over the cleft, prolonged posteriorly into e, behind the hyoidean arch ; 4, 5, and 6, prominences on the 
hyoidean arch ; L, in B, otic vesicle (seen also in A) ; K, lower jaw. 

Of the prominences enumerated 1 forms the tragus ; 2, 3, and 3c, the helix ; 4, the antiheliz ; 
5, the antiiraguB ; and 6, the lobule (vide F). 
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early distinguishable as slight protuberances upon the margins of the shallow cleft- 
like depi*ession which is all that represents the meatus at this stage (fig. 110, a). But 
as the body wall becomes thicker, the cleft becomes deepened and more tubular, and 
the protuberances upon the mandibular and hyoidean arches become gradually so 
transformed and arranged around the external orifice as to be recognizable as the 
several parts of the future pinna. . The transformations may readily be understood 
from the study of the accompanying series of sketches from His, which show these 
parts in gradually advancing stages in the human embryo (fig. 109). 

DEVEIiOPMENT OP THE WOSE. 

The olfactory organ arises in all yertcbrates at an early period of embryonic life 
as a depression of external epiblast {olfactory pit) on either side of the fore-brain. 
The epiblast in this region becomes thickened, forming an olfactory area^ and a de- 





~p?:^I'. 



Kig. 110. — Profile vtrw of the huad of a 

BUXAH BUBRTO OF NKARLT FOUR WEKKS. (Hid.) Fig. 111. — HeAD OF AN EMBRYO MORE ADVANCED 

IN DEVELOPMENT THAN THAT 8U0WN IN FIG. 

oify' olfactoiy depression passing posteriorly no, from before. (His.) 

into a deep pit, the rudiment of Jacobson's 

organ ; mx, maxillary process ; mn, mandibular pr.glob^ globular extremity of the mesial nasal 

arch ; hy, hyoidean arch ; br^, br^, first and process. The other letters as in fig. 111. 
second branchial arches. 

pression then forms in this area surrounded by a raised margin (figs. 96, 97, olf). 
The depression soon appears pyriform, the smaller end extendmg as a groove towards 
the stomodoeum or buccal invagination (see fig. 110, olf) ; near this end a special 
pit is early visible, and becomes developed into Jacobson's organ. 

The thickened boundaries of each olfactory pit and groove are formed by the so- 
called mesial and lateral nasal processes (figs. Ill, 112). The mesial nasal processes 
are united at their base by a depressed median part of the fronto-nasal process^ but 
are at first separated below, where they terminate in distinct tubercles, termed by 
His the globular processes. As development proceeds they extend backwards along 
the roof of the embryonic mouth, forming the imsal laminai. Eventually the 
globular processes coalesce in the middle line to form the intermaxillary process and 
the middle part of the lip, while from the depressed surface between them the 
lower part of the nasal septum and the philtrum arc formed, and by a coalescence of 
the nasal laminae the rest of the nasal septum is produced. In rodents a notch leads 
from the nasal septum through the upper lip to the mouth, and represents an im- 
perfect union of the globular processes. 

Above the depressed surface just referred to, is a triangular part of the fronto- 
nasal process which forms an angle with it. This angle eventually becomes the 
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-pr.^Hoh. 




A.n.'pr. 



Fig. 112. — Hkad of an esibrto still morb advanced in development. (His.) 

A, from above ; B, roof of mouth after removal of lower jaw ; i.m, placed on the fronto-naaal 
process and just above its intermediate depressed jmrt; Z.7i.pr, lateral nasal process ; wi.n.pr, mesial 
nasal process ; the other letters as before. The nasal laminae of the globular processes and the 
palatine projections of the maxillary processes are seen in B. 





Fig. 113.~Head of an embrto of about seven 
WEEKS. (His.) 

The external nasal processes have united with the 
maxillary and globular processes to shut oflf the 
olfactory pit from the orifice of the mouth. 



Fig. 114. — Head of .\n embrto more advanced 

IN DEVELOPMENT, WITH THE PARTS OF THE 
NOSE AND MOUTH BEGINNING TO ASSUME THEIR 
PERMANENT RELATIONSHIPS. (His.) 



point of the nose, and the triangular surface above it the bridge ; the alse nasi are 
formed by the lateral nasal processes. These processes are less prominent than the 
mesial (fig. 1 1 2). They curve round the olfactory depressions, and meet the maxillary 
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processes ; between the two processes (lateral nasal and maxillary) the lachrymal 
groove passes from the eye to the nose (figs. Ill, 112). The maxillary processes 
also abut in front against the outwardly curving ends of the processus globulares, 
which together form as just mentioned, an intermaxillary process, and the three 
eventually coalesce to form the upper boundary of the mouth, which is thus shut 
off from the anterior orifice of the nasal fosssB (fig. 113). But further back the 




Fig. 115.— OUTLIUK OP A TRANSVRR8E VKBTICAL SECTION THROUOH THE NOSB AND UPPER JAWS OF A 

sheep's EMBRYO WITH OPEN PALATE. (From KoUiker.) 

The lower jaw and toDgue are remoyed ; m, the moath ; d, dental germs ; p, the palate plates 
approaching each other in the middle ; /, the nasal fossie ; e, nasal eartUago ; «, septal cartilage ; j, the 
two organs of Jaoobson with their cartilages intemallj. 

olfactory depressions, which are now developed into cleft-like cavities, and are in- 
creasing in complexity by the development of the projections which are to form the 
turbinate bones, are still freely in communication with the buccal cavity, and it is 
only by the growth of the palatine processes of the maxillae (fig. 115,^) and their 
coalescence in the middle line with one another, and with the lower part of the nasal 
septum, that the nasal cavities are cut off from the mouth and from one another, 
and now only open posteriorly into the upper part of the pharynx by the posterior 
nares (choaTKe). 

The median or septal part of the external nose, with its columella below, is 
formed, as above stated, of the coalesced mesial nasal processes, the alas nasi being 
developed fr*om the lateral nasal processes. The septum is at first broad and de- 
pressed, so that the nostrils are widely separated from one another (fig. 114), a con- 
dition which remains to a certain extent permanent amongst some of the dark faces 
of mankind. 

From the above description it will be seen that the olfactory organs are at first altogether 
distinct from the mouth, that they subsequently pass backwards, as grooves, deepening into 
distinct clefts, along the roof of the mouth and forming in fact the upper part of the embryonic 
buccal cavity, and that finally they are again graduaUy separated from that cavity by the 
growth of a horizontal septum to form at first the hard and afterwards the soft palate. 

The median union of the palate begins in front about the eighth week and reaches the 
back pare and is completed about the tenth week. Imperfect coalescence of these parts pro- 
duces the malformations of hare-lip and cleft palate in their various degrees. Usually, how- 
ever, in man the coalescence is completed at a comparatively early period of foetal life, 
although a vestige of the original separation may be found in front at the junction of the 
maxillary processes with the coalesced globular processes (intermaxillary), as the naso-palatine 
canal or incisor foramen, which is occupied by connective tissue, blood-vessels, and a branch 
of the fifth nerve. In many mammals, however, an actual communication remains through- 
out life between the nostrils and mouth in this situation. 

The organ of Jacobson is early visible on either side of the nasal septum at its lower part 
in the form of a narrow tube, oval in section, running horizontally in the substance of the 
septum and opening anteriorly near the upper orifice of the naso-palatine canal. When the 
cartilage of the septum becomes formed, a special curved plate of cartilage is seen partially 
enclosing this organ ; but both the organ itself and the cartilage are less conspicuous in man 
than in most mammals. According to Gegenbaur the rudiment which has been described in 
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the human embryo as the organ of Jacobaon is not really that stracture, bat representB a 
special gland which occurs in some lemurs in the lower part of the nasal septum. 

The epiblast of the olfactory area early becomes thickened, and resembles in structure the 
neural epiblast (His). As in the latter, some of the cells (neuroblasts) become pyriform and 
nerve-fibre processes grow out from them, whilst the remainder form long sustentacular 
columns, which partially anastomose to form a spongework. The neuroblasts subsequently 
pass out towards the olfactory lobe as already described (p. 81). 

All the complexities of the nasal fossae (and they are far more complex and labyrinthic in. 
many animals than in man) are produced by folds and outgrowths of the original simple 
depressions, and the thickened epithelium of these depressions extends over all parts of the 
cavities which are thus formed. But it is only in the upper part of the nasal f ossas that the 
connexion by nerve-fibres with the olfactory lobe becomes established, and it is in this port 
only that the true sense-epithelium becomes developed. In the lower, or respiratory part 
of the f ossas the epithelium remains relatively thin and becomes ciliated. 
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DBVBIiOPMBNT OP THE ALIMENTARY CANAIi. 

The early development of the primitive alimentary canal has already been briefly 
described in treating of the first formation of the embryo (pp. 34, 35), and it was there 
explained how the dipping downwards and inwards of the blastodermic layers on 
either side of the embryo tends to separate or pinch off the part of the blastodermic 
vesicle which is immediately underneath the body of the embryo as a distinct tube 
(mid-gut) from the remainder of the vesicle, which is now known as the yolk-sac, while 
at the same time similar changes occurring in front and behind produce the blind 
anterior and posterior extremities of the tube which are known as the fore- and hind- 
gut respectively. Although the downfolding in question eventually involves all the 
layers of the embryonic blastoderm, the epiblast and the part of the mesoblast which 
adheres to it, and together with it forms the splanchnopleure, do not participate in 
the process until after the formation of the amnion, so that the alimentary canal for 
some time after its formation is enclosed only by the hypoblast and its adherent 
mesoblast (splanchnopleure), and projects freely into the wide coelom or space 
between the splanchnopleure and somatopleure. The mid-gut also remains for a 
time in free communication with the yolk sac, although the communication becomes 
gradually narrowed into the vitelline duct. As the somatopleure afterwards grows 
down on either side of the alimentary canal, and becomes pinched in around the 
vitelline duct and stalk of the allantois, which are thus united into the umbilical 
cord, that part of the coelom which is within the body and around the alimentaiy 
canal becomes shut off as the pleuroperitoneal cavity from the remainder, which lies 
altogether outside the body, and forms the cavity of the false amnion. 

Derelopment of tlie mouth and of the parts in connection with it. — 
The fore-gut terminates blindly at first underneath the head in the region of the 



Fig. 116. — Frontal view of the upper part of a human 

EMBRYO OF ABOUT FIFTEEN DAYS, RECONSTRUCTED FROM 
SERIAL SECTIONS. (His.) ^ 

iFhe pericardiun) is opened to show the heart ; between this 
and the fore-brain is seen the primitive buccal cavity. A de- 
scription of this figure is given on p. 138. 

hind-brain, and the notochord, with the fore- and 
mid-brain, curve downwards over the blind extre- 
mity, the fore-brain thus causing a rounded pro- 
minence in front of and ventral to the extremity of 
the alimentary tube (see fig. 45). With the develop- 
ment of the heart another prominence becomes 
formed on the ventral side of the fore-gut, a little 
further back. Between the two prominences, the 
one caused by the projection of the fore-brain and 
the other of the heart, a wide, shallow pit is enclosed 
(fig. 116), at the bottom of which the epiblast 
which lines it is in contact with the hypoblast of the fore-gut, and the two layers 
fuse to form an epithelial membrane, which now forms a septum between the 
primitive buccal epiblastic involution or stomodaeum and the fore-gut (fig. 117, 
p.v.). This stage is met with in the human embiyo before the twelfth day (His), 
in the rabbit embryo at about the ninth day (Mihalkovics), and in the chick on the 
fourth day. 

H 2 
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The stomodaeum deepens at its upper and anterior part, where it forms a 
pocket-like protrusion, which grows a certain distance into the angle formed by the 
sharp bend which the hinder part of the fore-brain now makes with the mid-brain. 




M.,X^. 




u,U'r 



cUZ, 



Fig. 117. — ^Profilb yikw of a huxan bkbbto of aboft 15 days, with thb alixehtabt oahal 

8H0W1V IN LONOITUDINAL SSOTION. (His.) 

Fig. 118. — Similar tibw of a sombwhat oldbr bmbrto. (His.) 

1, % 3, 4, 5, are opposite the respective gecondary cerebral vesicles ; from the side of the fore-brain 
the primary optic vesicle is seen projecting ; ot. otic vesicle ; p.v., septum between mouth and pharynx 
(primitive velum) ; ^ commencing liver in septum transversum ; v, vitelline stalk ; ally allantois enclosed 
within allantoic stalk ; i v., jugular vein ; c.v.^ cardinal vein ; «.r., sinus venosus within septum trans- 
versum ; u.a., umbilical (allantoic) artery ; Im.v.^ left umbilical vein. The sharp curve of the trunk of 
the embryo towai-ds the yolk-sac is normal at this stage. 

In fig. 117 the otic vesicle is still open, and there are only two aortic arches ; in fig. 118 the otic 
vesicle is closed ; there are now five aortic arches. The primitive velum has dis ippeared. 



This pocket (Rathke) is the hypophysis cerebri^ or pituitary involution of the buccal 
epiblast, and comes presently into connection \rith the infundibular protrusion of the 
neural epiblast, the two together forming the pituitary body (see p. 68). It lies 
just al)ove and in front of the pharyngeal septum. 

The remains of this septum (when it has become broken through to allow of a oommunica- 
tion between stomodasum and fore-gut), have been termed i^e primitive velum ^\mt the septum 
has nothing whatever to do with the formation of the permanent velum palati, or with the 
isthmus of the fauces. The plane of the septum forms in fact an angle with the plane of the 
future isthmus faucium, so that the primitive mouth or stomodssum does not by any means 
correspond with the permanent moutlu In fact the floor of the mouth, including the tongue, 
is developed behind tlie septum, and therefore in connection with the fore-gut rather than with 
the stomodsBum, whereas the uppermost part of the pharynx, including the choanaB, is in front 
qfUhe septum, and therefore belongs to the stomodtenm. 
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The shallow and widely open stomodseum soon deepens and is now seen 
to be specially bounded by certain prominences placed above, below, and at the 
sides, within and from which the several parts of the face are eventually pro- 
duced (figs. Ill, 119). These prominences are the fronto-naml which projects 
over the stomodaeum, and is formed primarily by the prominence of the fore- 
brain, but afterwards acquires a considerable thickening of mesoblast, which ex- 
tends into it from the basis cranii ; the mandibular or first visceral arch, which 

Pig. 119. — Pbofilb view of a human embryo of 

ABOUT THREE WEEKS, BHOWINO ALL THB 
CEPHALIC VISCERAL ARCHES AND CLEFTS. 

mXj maidllary process ; mn, mandibular arch ; 
rf.C, duct of CuTier ; jv, jugular vein ; c.r, cardinal 
vein ; t?.t;, vitelline vein ; u.v, umbilical vein ; t».a, 
ombilical artery ; aU, allantois ; jply placental attach- 
ment of allantoic stalk ; df, olfactory depression ; 
ot, otic vesicle. 

after passing obliquely round the fore- 
gut, takes a horizontal direction on its 
ventral side, and meets its fellow in the 
middle line, the two together forming the 
ventral boundary of the stomodssum ; and 
the maxillary process, which grows ftx)m 
the base of the mandibular arch, and 
projects on either side of the stomodaeum, 
filling up the gap between the fronto- 
nasal process and the mandibular arch^ 
and forming the lateral boundary. 

The separation of the stomodsBom into an 
apper or olfactory and respiratory part and a 
lower permanent bnccal cavity, together with 
the chanfres which occor in the fronto-nasal 
and nuudiiary processes to produce the result, has 
already been referred to in describing' the de- 
velopment of the nose (pp. 95 to 97). 

Pharynx. — The remainder of the ali- 
mentary canal below the mouth is nearly 
simple, at first consisting, as before men- 
tioned, of a tubular portion in front — the 
fore-gut ; a shorter tubular portion behind 
— the hind-gut ; and a middle part which 
is freely open to the yolk (fig. 117). 
The hind-gut remains simple throughout, except that the allantois grows out 
from its ventral aspect.^ But in front a differentiation soon makes its appear- 
ance, the cephalic part becoming enlarged to fonn the phaiynx, while almost 
immediately behind this another enlargement forms the stomach. The hypoblast 
lining the cavity of the pharynx grows out on either side successively at four distinct 
levels, and to a less extent the epiblast dips in opposite the hypoblastic outgrowths. 
In this way eventually four deep clefts between the pharynx and the exterior become 
formed ; these are known as the cephalic visceral clefts (figs. 110, 119, in external 

^ In the human embryo the allantois appears to be formed by a direct continuation of the lateral 
folds, which have united to form the main alimentary tube, while the part of the tube behind th« 
allantois (bursa) appears as a blind protrusion (His). 
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appearance ; figs. 117, 118, seen from \vitliin).i Between them, and also in front of 
the first cleft, the pharyngeal wall is greatly thickened so as to exhibit the appear- 
ance of curved bars bounding the clefts ; these bars are known b& the cephalic 
visceral arches, and are five in number, viz. : the Jirst or mandibular^ in front of the 
first visceral cleft, between it and the mouth : this is the seat of formation of the 
lower jaw ; the second or hyoid arch, between the first and second clefts ; the third 
or thyrO'hyaid arch, between the second and third clefts, which in fishes and 
amphibia develops gill-plates, and is therefore also known as the first branchial 
arch ; the fourth between the third and fourth clefts, corresponding with the second 
branchial arch of fishes, but small and inconspicuous in man and mammals ; and the 
fifth or second branchial still smaller and more inconspicuous, forming the posterior 
boundary of the fourth cleft, and hardly recognizable as a distinct bar in man. 
After the fourth week, and with the increasing flexure of the head, the arches become 
somewhat shifted over one another, so that the fourth ai'ch is concealed by the third, 
and the third by the second. 

The mandibular arches early become united on the ventral aspect ; from the fifth week 
their union is complete (fig. Ill, inn) and in man shows eventually no sign of a median groove. 
The other arches do not at first reach the middle line (His), the space between their central 
ends being occupied by the heart and pericardium ; as these shift backwards a smooth infra- 
mandibular surface is left externally. 

Development of the tongue. — ^Within the pharynx, the second and third 
arches of the two sides are separated by a forked elevation (furcula) with a median 

Fig. 120.— Posterior aspect of the visceral arches of the embrto 

SHOWN IN FIQS. 116, 117, AS SEEN FROM THE INTERIOR OF THE 
PHARYNX. (His.) ^ 

The first or mandibular pair of arches join in the middle line ; the 
second arches arc separated by a rounded prominence (tuberculum 
impar). Behind (below) thb is the forkcKl prominence (furcula) 
bounding a median groove which will become the laryngeal orifice. In 
the sections of each of the first two arches, the included artery is seen. 
The Roman numerals are opposite the corresponding arches. 

■t'-^^^ jft 1 groove, in front of which is a rounded tubercle {t impar, 

H|. jH m^^ ^^^\ which arises in the angular space between the 

' ^™ -.^^ gj^j. ^^ second arches (fig. 120). The groove around 

the furcula (sinus arcuatus, His) passes laterally into 

the visceral clefts. The second and third arches afterwards unite between the 

furcula and tuberculum impar (fig. 121, A). Thus united, the junction forms an 

X-shaped mass. 

From these conjoined extremities of the second and third arches on either side, the 
root of the tongue grows upwards and forwards as two prominences, which diverge 
in a V-shaped manner to embrace the anterior or papillaiy part of the organ which 
is developed from the tuberculum impar (fig. 121, B). At the angle of the V is a 
deep depression (foramen cacnm) ; this leads into a diverticulum, which forms the 
median rudiment of the thyroid body. When the parts of the tongue are united, 
there is still for a considerable time a V"Shaped groove marking the line of union 
{?ig. 122), and even in the adult there is often a distinct trace of this groove {sulcus 
termimlis. His). Parallel to this, and somewhat in front of it, the papillae vallatse 
are developed, and in front of these the other lingual papillae make their appear- 
ance (about the end of the second month). 

* According to His, who is confirmed by Bom and by Kblliker. these clefts are not as a rule developed 
into complete apertures in birds or mammals ; although the membranes which close them are composed 
only of juxtaposed epi- and hypoblast, the mosoblast having disappeared. 
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The furcula gives rise to the epiglottis in front (above) the aryepiglottic folds on 
either side, and the arytenoid cartilages behind (below) ; the median groove in it leads 
to the entrance of the larynx. 

Laterally the 2nd arch passes into and forms the palato-glossal arch, and in the visceral 
cleft behind this the tonsil develops ; but the 3rd arch does not form the palato-pharyngeal 
arch ; this is developed from the palatine outgrowths of the maxillary processes. 

The visceral arches were first described by Rathke, in 1826. They are often dis- 
tinguished as the post'huccal visceral arches ; certain parts in front of (above) the mouth 





Fig. 121.— Similar vibws of the same parts ih older embrtos. (His.) A. ^, B. y 

Tf tubercalum impar. 

being considered by some morphologists to represent prcp-huccal arches. The visceral clefts, 
lying between the arches are, as has been stated, four in number. The first is often known as 
the hyamandihular cleft : it is this one which is concerned with the formation of the 




Pig. 122. — Similar view in a considerably older 

EMBRYO, BUT LESS MAGNIFIED. (His. ) 

Eustachian tube and middle ear as already de- 
scribed. The three remaining clefts, which repre- 
sent gill-slits of fishes and amphibia, appear, from 
the results of recent observations, to be closed in 
amniotio vertebrates at all periods of fcetal life 
(see note on previous page). In some fishes the 
branchial arches and clefts are more numerous 
than in other vertebrates, and in a few the hyoid 
arch also develops a gilL 

Through each of the visoei-al arches an arterial ^ 

arch derived from the aortic bulb passes from 
front to back reuniting dorsally in front of 

the notochord to form the aorta. In branchiate vertebrates, branches of these vessels arc 
distributed to the gills. Cartilaginous bars pass, in most vertebrates, from the base of the 
skull into each visceral arch, and ossification occurring in or around them, form definite parts 
of the skeleton as will be afterwards described. In man and mammals these cartilaginous 
bars are only found in the first three visceral arches, unless the thyroid cartilage is to be 
regarded as representing the anterior (ventral) ends of the bar of the 4th arch (Callender). 
The fourth and fifth visceral arches may be considered as belonging to the neck rather 
than to the head, and the congenital fissures of the neck which sometimes occur as a mal- 
formation, and which usually open externally far down in the cervical region, have been 
regarded as due to persistence of one or more of the branchial clefts, shifted in position by the 
cervical elongation which takes place in later embryonic life. 

QBsophagiui, stomacli, and intestines. — Immediately behind the pharynx^ the 
fore-gut contracts again to form the oesophagus, which, in the early embryo, corres- 
ponding with the imperfect development of the neck, is very short (figs. 123, 125, A) 
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and gradually widens out into the dilatation which represents the stomach.^ This 
organ, which is at first nearly straight (fig. 125, A, Mg), soon begins to show the con- 
Fig. 128. — Sketch op a longitudikal section through 

THE ALIMEMTART CANAL OF A HUMAN EMBBTO, 
SOON AFTER THE DISAPPEARANCE OF THE PRIMITIVE 
VELUM. (His.) ^ 

The alimentary canal is shaded throughout ; U. K, 
section of mandibular arch ; R. T, hypophysis ; behind 
it the remains of the pharyngeal septum ; J^y com- 
mencing lung, the future orifice of the larynx being 
opposite K ; Mg^ stomach ; Z&, liver ; Nh^ yolk stalk ; 
W, Wolffian duct ; B^ blind i>ortion of hind gut ; 
aUf aUantois. 

vexity of the greater cuiTature on the side next 
the Tertebral column, and the concavity of the 
lesser curvature on the opposite border (fig. 
125, B, Mg)^ while the pyloric end becomes 
tilted away from the vertebral column, pro- 
ducing the duodenal loop (fig. 125, C, D). 
Finally the organ becomes turned over on 
what was previously its right side, which now 
becomes the posterior surface, and the pyloric 
extremity being also tilted over, the duodenal 
loop is thus thrown over to the right side of the 
abdomen (fig. 126). The small intestine is also 
at first quite short and straight, with a wide 
aperture to the yolk-sac (fig. 125, A, iV'2>), 
but gradually lengthens as the communication 
with the yolk-sac becomes more contracted, 
and (besides the loop formed by the tilting of 
the pylorus) develops a long V-s^aped loop 
opposite the attachment of the viteUine duct 
(fig. 125, C, D, and fig. 127). 

The loop of intestine to which the vitelline duct 
, is attached passes, for a time, into the umbilical 

cord, close to its attachment, enclosed in a protrusion of the peritoneal cavity (fig. 124). It 
occasionally remains in this situation until late in foetal life. 

Fig. 124. — Sketch of thb human embryo op the 

TENTH WEEK, SHOWINO THE COIL OF INTESTINE IN 

THB UMBILICAL CORD. (Allen ThoiDBon.) 

The amnion and yilious chorion have been opened and 
the embiyo drawn aside from them ; r, ambiliod yesicle, 
connected with the coU of intestine, t, by a smaU, almost 
linear tube. The figure at the side represents the first 
part of the umbilical cord magnified ; t, coil of intes- 
tine ; %\ Titelline-intestinal duct, alongside of which 
are seen omphalo-mesenteric blood-vessels. 

The mesentery is developed bja thinning 
out and extension of the mesoblastic tissue 
which Ues between the intestine and the 
vertebral column. It forms a continuous membrane along the whole length of the 
alimentary canal from the stomach to the rectum, although the part attached to the 

' It has been shown (Balfour, Meoron) in most vertebrates— mammals excepted— that at a certain 
period of development the lumen of the oesophagus becomes for a time completely obliteiated at its upper 
extremity. *^*^ 
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Fig. 125.— Pbofile b&etcu£8 of successive stages in the dbyelopmbkt of the alimektart cakal 

IH THE HUMAH EMBRYO. (His.) 

Ch, notochord ; Sd (in B), median rudiment of thyroid ; P, pancreas ; Lbg, bile duct ; D«, vitelline 
duct ; Z^ (in G and D), tongue ; N, permanent kidney ; d (in D), cloaca ; An, anus in course of form- 
ation ; Sg, sexual prominence ; St, tail ; Co, ooecum coll ; Tr, trachea ; K, larynx. The other letter- 
ing as in fig. 123. 



loe 



(ESOPHAGUS, STOMACH, AND INTESTINES. 



stomach is known as mesogastrium and the parts attached to the future colon and 
rectum are termed respectively mesocolon and mesorectum. The stomach begins to 
assume its characteristic shape while still lying with its longitudinal axis in the 

Fig. 126. — Front view op alixektary canal, rather less advanced in 

DEVELOPMENT THAN THAT SHOWN IN PIG. 125, D. (His.) ^ 

The pharynx and upper part of oesophagus, and termination of the lai^e 
intestine are not represented. Lettering as in fig. 125. 

median plane of the body ; it is then seen that the mesogastrium 
passes to its greater curvature (fig. 127), which, therefore, is 
that corresponding to the mesenteric border of the intestine. 
And as the pyloric extremity of the stomach and lesser curva- 
ture are tilted forwards and upwards, and at the same time 
the whole organ turns over on its right side, the mesogastrium 
becomes proportionally lengthened to permit of this change of 
position, and the right surface of the stomach (now posterior) 
rests against the anterior surface of what was previously 
the right side of the mesogastrium, the mesogastrium thus 
coming to form the posterior boundary of the omental sac (fig. 
128). From near its attachment to the stomach a free fold 
subsequently grows over the intestines, and becomes the great 
omentum. 
The gastro-hepatic omentum is formed by the gradual thinning of a mass of 
mesoblastic tissue which from the first connects the ventral wall of the stomach with 
the anterior wall of the abdomen, and within which the hypoblastic outgrowth 





S^rn^.a^ 
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Fig. 127.— DUORAM OF THE MESENTERY, STOMACH AND INTESTINE OP A HUMAN EMBRYO OP SIX 

WEEKS. (Toldt) 

8t, stomach; g.c, greater curvature; Lc, smaller curvature; mg, mesogastiium ; »p^, spleen; 
p, pancreas ; ccjecum ; r, rectuni ; me, mesentery ; ao, aorta ; d, cceliac aads ; s.mes.a, i.mes.a, supe- 
rior and inferior mesenteric arteries. 

Fig 128 —Diagram op a section across the abdomen op a human embryo op the third 

MONTH. (Toldt.) 

I, ly liver ; it, kidneys ; g.o, great omentum ; r/.o', omental sac ; «.o, small omentum. (The dotted 
lino has not been carried quite far enough.) The other letters as in fig. 127. 

which forms the liver becomes developed. The part of this mesoblastic connexion 
which lies between the liver and stomach becomes the gastro-hepatic or lesser 
omentum, and its free border which was at firat directed downwards (caudalwards) 
becomes with the descent of the stomach directed anteriorly (ventrally), and eventu- 
ally with the turning of that organ laterally it also is directed towards the right, and 
thus comes to form the anterior boundary of the entrance into the omental sac. 
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The large intestine is not at first marked off from the small by any difference in 
calibre. Its commencement is distinguishable about the sixth week in the human 
embryo by the appearance of the caecum, which gradually grows out (figs. 125, D, and 
127), forming at first a lateral protrusion of uniform calibre, but subsequently re- 
maining narrow at its blind extremity to form the vermiform appendix, while the 
remainder of the caecum and the colon increase in size. This protrusion occurs on 
the U "Shaped loop above described, and a little beyond the attachment of the 
vitelline duct. 

With the increasing length of the gut it becomes thrown into coils, and the 
earliest and most important of these is that by which the limb of the (J "Shaped loop 
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'ereat. 



stmaU inft^tn^ 



Fig. 129. — Diagrams illustratikq the detelopment of the great omentum. (0. Hertwig.) 

A, earlier stage. 

B, later stage. 

9t^ stomach ; «.o, small omentum ; %' ,o\ omental sac ; o\ mcsogastrium, springing from the 
posterior waU of the abdomen, near which in A it encloses the pancreas ; o^, attachment of mesogastrium 
to greater curvature of stomach ; o', fold of mesogastrium or great omentum growing over coils 
of small intestine ; me, mesentery ; «i.c, transverse mesocolon ; o"* (in B), dotted line showing the 
situation of that lamella of the mesogastrium which at first assisted in enclosing the pancreas but 
which has now disappeared. The next part of this lamella has coalesced with the adjacent lamella of 
the transverse mesocolon, and has also disappeared. The coalescence is indicated by the black line. 



with which the large intestine is continuous tunis over on to the right side of the 
peritoneal cavity, and thus throws the colon in an archlike disposition across the 
commencement of the small intestine, and parallel with the longitudinal axis of the 
stomach (commencement shown in fig. 126). "Within this arch of the large intestine 
the coils of the jejunum and ileum become disposed as the intestine lengthens. 
Their mesentery spreads out at its intestinal attachment so as to adapt itself to the 
increasing length of the gut, while its vertebral attachment, relatively much shorter, 
loses to a great extent its primitive disposition, and acquires oblique and transverse 
lines of attachment ; this is notably the case with the transverse mesocolon. 

Although the mesentery in most parts increases in length and expansion with the further 
growth of the intestine, the contrary is the case with the mesentery of the duodenum, and of 
the ascending and descending colon. All these parts possess at first a complete mesentery like 
the rest of the intestine, but that of the duodenum disappears entirely, so that this part of the 
intestine becomes fixed to the posterior wall of the abdomen, and the same process takes place 
to a lesser and variable extent with the ascending and descending mesocolon. Since the trans- 
Terse colon lies across the abdomen immediately below the stomach, it and its mesentery, trans- 
versely disposed, also lie immediately below and behind the mesogastrium (now folded into the 
great omentum). The two membranes come in fact into close contact, and eventually com- 



108 FORMATION OP THE ANUS. 

pletely adhere (4tli month and onwards) ; and this causes the pancreas to appear to lie alto- 
gether behind the peritoneal oavity, in place of being situated between the two layers of the 
mesogastrium as is at first the case in the human embryo, and as is frequently found in other 
mammals during life. 

The free or floating part of the great omentum is formed by an extension of that part of 
the omental fold which turns upwards towards the greater curvature of the stomach from 
the surface of the transverse colon. The fold is at first clearly double, and in some animals 
remains so, but in man its two layers coalesce a little while after birth, and after a year or 
two can no longer be separated. It extends gradually, first over the transverse colon (third 
month), later over the coils of the small intestine. 

The spleen becomes formed within the substance of the mesogastrium (iig. 
127, spl). It is developed wholly from mesoblast, and in close connection with the 
pancreas. It appears during the second month in the human embryo, and grows 
slowly during foetal life, the Malpighian corpuscles being the last parts to appear. 

Formation of the anus. — ^The anal invagination of the epiblast, which eventu- 
ally by absorption of the septum between it and the hypoblast of the hind-gut opens 
into the alimentary tube, is termed the proctodeum. The junction with the hind- 
gut occurs at a little distance from the posterior extremity, so that there is a blindly 
terminating post-anal or subcaudal portion of the gut beyond the junction with the 
proctodaeum ; this, however, shrinks and disappears even before the absorption 
of the septum. This part of the hind-gut represents a cloaca, since it receives 
through the allantois the ducts of the urinary and genital organs. The sepa- 
ration of the permanent anus from thq urogenital orifice, which occurs in all 
mammals above monotremes, is the result of a later process of development (see 
p. 127). 

In mammals the actual amount of proctodasal invagination is very small. The 
septum between the hind-gut and the exterior (anal membrane) is throughout formed 



Fig. 130. — LONOITUDINAL SECTION THROUGH THB POSTERIOR END OF A SHKKP's EMBRYO, SHOWINO THE 

ANAL MEMBRANE. (Bonnet.) 

epi epiblast ; A^, hypoblast ; meSy mesoblast ; A.^, hindgat ; am, amnion ; an, anal membrane ; 
p.«, primitiye streak ; all, aDantois-rudiment. 

by two epithelial layers only, viz., hypoblast and epiblast, which here are in contact 
with one another without the intervention of mesoblast (fig. 130, an). This con- 
dition of juxtaposition of the two layers is in fact directly derived from the union 
of the two layers which occurs at the primitive streak and groove, and if the latter 
be looked upon as representing the blastopore, the anus may in a sense be considered 
to be formed from a part of that aperture. In some lower vertebrates the anus has 
been shown to be directly produced from the blastopore. 
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FORMATION OF THB OLANDS OF TKD AIiIMBNTARY OANAIi. 

Under this head may be included not only those organs which are ordinarily so 
termed, but also the lungs, and the thymus and thyroid bodies, since the early 
development of these three organs resembles that of the true secreting glands. 

All the organs above enumerated are formed as epithelial involutions, either solid 
at first and afterwards becoming hollowed out, or hollow from the first. As these 
epithelial buds grow into the mesoblast, they may either bifurcate or give off lateral 
branches, and in this manner all the ramifications of the ducts of the compound 
racemose glands are produced. The blind extremities generally end eventually in 
enlarged tubular or saccular dilatations. All the epithelium of the gland-saccules 
and ducts is derived from the original epithelial sprout, while the basement 
membranes and connective tissue and blood-vessels of the gland are derived fix)m the 
surrounding mesoblast. The salivary glands and most other glands of the mouth, 
and part of the hypophysis, which must also be reckoned as a glandular development, 
are formed in this way by involution of the buccal or stomodseal epiblast ; while the 
lungs, liver, pancreas, thyroid, thymus, and all the small glands of the rest of the 
aUmentary canal are formed of involutions of the hypoblast. The development of 
the teeth, which also first make their appearance as involutions of stomodsealepiblast 
(enamel germs), will be described after their structure has been dealt with (in the 
part of this work which is devoted to Splanchnology). 

The lungs. — The lungs begin to develope from the ventral part of. the pharynx 
at its junction with the oesophagus, in the beginning of the third day in the chick. 





Fig. 181.— -LUNQ RUDIMBITTS OP HUMAN EMBRYO OF ABOUT 4 WEEKS, SHOWINQ THE BUD-UKB 
EKLABGBMENTS WHICH REPRESENT THE LOBES OF THE FUTURE LUNGS. (Hi&) 

Three buds are seen on the right side, two on the left. 
Fig. 132.— Lungs of a human embryo more advanced in development. (His.) 

and in the human embryo at a correspondingly early period (fig. 123, Lg), Tlie 
lung rudiment is at first single and median, and takes the form of an elongated 
vertical diverticulum of the fore-gut, communicating freely with that tube, and of 
course lined by hypoblast. Soon the diverticulum sprouts out at its lower extremity 
in the form of two tubes which grow downwards on either side behind and on either 
side of the heart, into a mass of mesoblastic tissue, which keeps pace in its growth 
with the hypoblastic lung rudiment, and from which the connective tissues of the 
future lung become ultimately developed. The extremities of the tubes in question 
are early seen to be dilated and lobulated (fig. 131), three lobules being present on 
the right tube, and two on the left, the division of the lungs into their lobes being 
thus early indicated. 

The further outgrowth of the lobulations produces the rudiments of the principal branches 
of the bronchi, one for each future pulmonary lobe, and each of these branches then gradually 



110 



THE THYllOID BODY. 




Fig. 183. — Ljtsqs of a human embrto 

STILL MORE ADVANCED. (His.) 



progresses in grrowth, piving off as it proceeds lateral diverticula, which form the secondary 
bronchi, and these again giving off others until the whole complicated bronchial ramification 
is eventually produced. Like the first sprouts from the median diverticulum, all the secondary 
and other sprouts are dilated at their termination, and have a lobulated aspect (fig. 125, Lff : 

figs. 131, 132, 133. This is due to the fact that they 
are undergoing a further division or sprouting. This 
process goes on until the sixth month of intrauterine 
life, by which time all the dilated ends of the growing 
and sprouting tubes have reached the surface of the 
lung. These dilated extremities which now appear 
grouped together, and apparently springing several 
from a common tube, form the inf undibula, but their 
walls are not at first beset with air>cells. The forma- 
tion of these takes place when the bronchial ramifica- 
tion is completed (sixth month, Eolliker), as small, 
closely-set, pouch-like protrusions of the walls of the 
infundibula, and of the terminal bronchial tubes. 

The trachea and laxjnx are formed by a 
separation from the oesophagus of the original 
median diverticulum, from the lower angles of 
which the bronchial rudiments have sprung, the 
separation commencing below, and leaving a 
relatively small connection between the two 
tubes above : this connection is the rudimentary glottis. As development advances, 
both the tracheo-laryngeal and the oesophageal tubes lengthen, the latter relatively 
more than the former, so that the lung rudiments no longer lie, as was the case at 
first, in front of and on either side of the stomach, but extend downwards somewhat 
short of that organ (fig. 125), separated from one another by the oesophagus behind, 
and the heart and pericardium in front. As they thus grow backwards with the 
lengthening of the trachea, the lung rudiments project into the anterior part of the 
body-cavity or coelom (dorsal portion), and receive a covering from its lining mem- 
brane, at first only below and on the external surface, but subsequently on the 
internal aspect, so as to separate them from the oesophagus. The portions of the 
body-cavity into which the lungs project become shut off from the remainder on 
the formation of the diaphragm and pericardium, and form the pleurse. 

The pulmonary blood-vessels are comparatively late in being developed, the 
arteries penetrating into the lung tissue only on the twelfth day in the chick. 

The thyroid body is developed partly as a median diverticulum of the pharyn- 
geal hypoblast opposite the ventral ends of the second visceral arches (fig. 125, B, Sd); 
partly as a (bilateral) diverticulum of the posterior wall of the fourth visceral cleft. 
The median diverticulum in most animals early becomes separated from the 
pharyngeal hypoblast, and is thus converted into an island of epithelium imbedded 
in mesoblast. In the human embryo, as His has shown (fig. 134, A, thr), it remains 
for some time in the form of a hollow bifid vesicle, which is connected with the upper 
surface of the tongue by a small duct (ductus thyreoglossus^ d) ; subsequently, however, 
the vesicle becomes solid, and the duct is obliterated and disappears, with the 
exception of a small portion near the orifice, which becomes converted into the 
foramen caxum of Morgagni,/.r. 



OccasionaUj even in the adult a comparatively long duct is found, leading downwards 
and backwards from the foramen caecum. This, which has been termed the ductvs lingvalu, 
is the remains of the original thyrolingual duct connecting the median part of the thyroid 
with the tongue. It may further happen that the lower part of this connection also remains 
in the shape of a tubular prolongation of the median portion of the thyroid towards the root 
of the tongue (jHuctus thryoidcns ; when weU developed this forms the pyramid). The so- 
called accessory thyroid bodies (supra-hyoid, praehyoid glands, &c.) which are occasionally 
found near the hyoid bone, are also referable to the thyrolingual duct (Eis, Anatomie 
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mensohlicher Embryonen, iii., p. 101, where reference to the literature of these accessory 
thyroids may be found). 

The bilateral diverticula, which assist in the formation of the thyroid body, spring 
from the fourth visceral cleft (Born) (fig. 1 35, thr). They have at first the appearance 
of simple saccular glands partially encircling the developing larynx (fig. 134, thr^). 
In front of this they come into connection with the median rudiment, and eventually 
blend with it. Like that rudiment, they become entirely separated from the hypo- 
blastic surface from which they have taken origin, their cavity disappears, and they 





Fig. 134. — Sketches showing the cokdition of the thyroid and thymus glands in a humah 

EMBRYO OF ABOUT FIVE WEEKS. (His.) 

A, profile sketch from the left side. 

B, frontal sketch from behind. 

t, tongue ; rf, ductus thyreoglossus ; ep, epiglottis ; opposite ?, larynx ; ti\ trachea ; cp, oesophagus ; 
thr, median rudiment of thyroid ; tlir\ lateral rudiment of thyroid ; thm, developing thymus, eeen on 
the left side of B to be connected with a visceral cleft ; ao (in B), ascending aorta ; ao', descending aorta ; 
c, carotid. 

are converted into ramifying and anastomosing cell-cylinders, between which vascular 
connective tissue becomes developed. The cell-cylinders subsequently become hol- 
lowed out, and finally are subdivided by growth of the connective tissue into small 
vesicles, which gradually become larger from accumulation of colloid in their interior. 

In most Vertebrates, the lateral and median parts of the thyroid remain distinct ; the 
former are the organs known as svpra-pericardial bodies in elasmobranchs, and as accessory 
thyroids in other animals. Only in mammals do thej become united into one organ as 
in man. 

The thymiis is also developed as a growth of the epithelium (hypoblast) of some 
of the visceral clefts ; in birds from the third and fourth (fig. 135, /^///w), in reptiles 
from the second, third, and fourth, and in lower Vertebrates from several clefts (de 

Pig. 135. — Diagram showing the yiscbral clefts from which the 

THYMUS AND LATERAL PARTS OF THE THYROID ARE DEVELOPED IN 

THE CHiOK. (de Meuron. ) 

1, 2, 8, 4, indicate the corresponding visceral clefts ; thym^ rudiments of 
thymus ; t^r, median rudiment of thyroid ; tW, lateral rudiments of 
thyroid. 

Meuron). In mammals the thymus appears as a (bilateral) 

tubular prolongation backwards of the extremity of the 

third visceral cleft (Kolliker), receiving, according to de 

Meuron, an accession from the hypoblast of the fourth cleft, 

as in birds. The tube, which has a narrow lumen, and 

comparatively thick epithelial lining, is surrounded by vascular connective tissue, 

within which numerous lymphoid cells become accumulated, and grows downwards 

along the side and in front of the trachea, where, in mammals^ it generally unites 
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with its fellow to form a median organ. Its lower end then gives off solid, bud-like 
excrescences, and lateral buds come off again from these, so that this part of the 
organ acquires a ramified, lobulated appearance like an acinous gland. The acini ai'e, 
however^ solid, and remain so, although the upper end of the tube still has a narrow 
lumen. 

The lymphoid cells next invade the epithelium, growing into every part of the 
tubular gland, and converting it into a mass of adenoid tissue. In this process the 
epithelium becomes broken up into small isolated portions, some of which remain in 
the medullary portion of the lobules as the epithelial nests which are seen in sections 
of the fully developed organ, and are known as the concentric corpuscles of Hassall. 

The liver. — ^This organ arises in the form of two diverticula of hypoblast, which 
grow from the ventral wall of the duodenum immediately beyond the stomach (figs. 
117, 118, ly 123, Lh). They extend into a mass of mesoblastic tissue which connects 
the stomach and duodenum with the anterior wall of the abdomen, and which (with 
the mesentery, with which it is continuous round the gut) separates the body-cavity 
here into a right and left half. In this tissue is the omphalomeseraic or vitelline 
vein (and later the umbilical vein) proceeding on either side to the sinus venosus, 
and tiie liver diverticula grow into the mesoblast above and in front of these veins. 
Here they ramify, giving off solid buds of cells which grow into columns or cylinders, 
and these again give off lateral diverticula of the same kind. So &r the development 
of the liver resembles that of a compound tubular or acino-tubular gland, except that 
the ramifications of the original gland diverticula are from the first solid instead of 
hollow. But soon an important difference appears in the fact that the cylinders 
unite and anastomose with one another everywhere to form a close network, and 
from the cords of this network solid sprouts are again constantly being given off to 
form fresh cylinders, thus producing a yet closer and more intricate network In 
the meantime, capillary blood-vessels are formed in the mesoblastic tissue in which 
this formation of cell-cylinders of hypoblast is going on, and these vessels, which 
form a network interlocking with that of the anastomosing cell-cylinders, become 
connected with branches of the vitelline vein on the one hand (veruB advehente8\ 
and on the other with veins {verm revehmtes) which pass towards the sinus venosus, 
and eventually are found opening as the hepatic veins into the inferior vena cava. 

The two original hollow diverticiila are the radiments of the right and left hepatic ducts. 
The common bile duct is formed later by a protmsion of that part of the duodenal wall with 
which the original diverticola are connected. This protrusion also eventually receives the 
duct of the pancreas, which becomes shifted towards it. As the common bile duct lengthens, 
the liver becomes separated from the duodenum, with which it was at first in close connection. 
The portal and interlobular bile ducts are formed by the hollowing out of some of the 
anastomosing ceU-cylinders, so that a lumen is produced within them surrounded by hepatic 
cells, which lose their original polyhedral character, and become changed into the columnar 
epithelium of the ducts, the anastomoses between the oeU-cylinders here disappearing. 
The remaining cylinders form the secreting substance of the liver. The biliary canaliculi 
appear as minute passages between the ceUs, and come into continuity with the bile ducts. 
With a further development of the connective tissue of the organ, the glandular substance of 
the liver, which was at first continuous throughout, becomes separated into lobules, and the 
network of ceU-cylinders tends with multipUoation of their cells to become fused into a con- 
tinuous mass within each lobule, the bile canaliculi forming by numerous lateral junctions and 
anastomoses a close network of intercellular passages within the lobule. 

The ffall bladder and cystic duct are formed by a diverticulum from the common bile 
duct, which appears in the second month. 

In the elasmobranch fishes, and in amphibia, there is only a single hepatic diverticulum. 
The anastomosing cell-cylinders which sprout from this are not solid, but hollow, with a 
narrow lumen, and the liver has from the first and retains permanently the character of a 
compound gland formed of anastomosing tubules. In reptiles the cylinders also have from 
the first a narrow lumen. In birds and mammals the cylinders are solid, as in man. 

As the liver grows, it projects on either side into the pleuroperitoneal cavity. The 
mesoblast which unites it to the anterior wall of the abdomen, becomes thinned out to form 
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the snspensoTy ligament. That which unites it to the ventral wall of the stomach and duo- 
denum also becomes thinned out ; it forms the small or gastro-hepatio omentum. The liver is 
at first an exactly symmetrical organ, the right and left lobes being equal in size and 
symmetrically placed. After the fourth month the right lobe begius relatively to increase in 
aize, and at birth the proportion of this to the left lobe is as 1*6 to 1. The liver also at first 
grows very rapidly, so that by the second month it nearly fills the abdomen, and causes a 
well marked prominence on the ventral aspect of the embryo. At this time it is calculated to 
constitute nearly one half the weight of the body. The proportion, however, gradually 
decreases, until at term the relative weight of the liver to the whole body is as 1 to 18, The 
farther changes which the blood-vessels which pass to the liver undergo will be considered 
with the development of the venous system. 

The pancreas is developed bs a hollow hypoblastic diverticulum from the dorsal 
wall of the duodenum opposite the hepatic diverticula^ and somewhat later than these 
(fig. 126,B,C, D,j9). This hollow process grows into the mesogastrium or gastro- 
duodenal mesentery, which at this time is well developed, and ramifies within this, 
producing by its off-shoots the ducts and alveoli as with other compound acinous 
glands. As the duodenal loop becomes formed, and this and the pyloiic end of the 
stomach are turned over towards the right side, the pancreas loses its median sym- 
metrical position, and with the mesentery which encloses it now lies across the back 
of the abdomen. This is the condition in which the gland is found in most mammals. 
But in man, with the fusion of the mesogastrium (great omentum) to the transverse 
mesocolon, the posterior layer of the mesenteric fold which encloses the pancreas 
becomes absorbed (Toldt), and the gland becomes fixed across the back of the 
abdomen, and is now apparently altogether behind the peritoneum (see fig. 12, 129). 
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DEVELOPMENT OF THE TTRINARY AND QENEBATIVE OBQANS. 

The urinary and generative organs originate in connection with the intermediate 
cellmassy a portion of mesoblast which is seen in sections of the early embryo lying 




Fig. 136.— Part of a tramsverse section of a chick embryo of 2 days, 6 hours. (Kolliker.) «f» 

uw, protovertebra ; mp^ lateral mesoblast ; dfp, splanchnopleuric mesoblast ; hp^ somatopleuric 
mesoblast ; p, pleuro-peritoneal cleft (coelom) ; wtj, Wolffian duct ; wk, part of intermediate cell-mass 
from which Wolffian body will become developed. 

between the paraxial mesoblast and the pleuro-peritoneal clefl, and abutting against 
the external epiblast (fig. 39, p. 37). 

Fig. 137. — Section through an external glomerulus 

OP THE pronephros FROM A CHICK OF ABOUT 4 DAYS* 

INCUBATION. (Balfour. ) 

gl, glomerulus ; (/e, peritoneal epithelium ; Wd, Wolffian 
duct ; aOf aorta ; me, mesentery. 

Some of the cells of this intermediate cell-mass 
become differentiated into a longitudinally run- 
ning cord, which subsequently acquires a lumen, 
and is then known as the Wolffian duct (from its 
discoverer, Caspar Friedrich Wolff) (fig. 136, wg). 
Posteriorly the duct opens into the cloaca. The 
anterior part of the duct becomes connected with 

invaginations of the peritoneal epithelium, between which vascular glomerali project 
freely into the peritoneal cavity (fig. 137). These glomeruli constitute the head 
kidney y fore-kidney or pi'onephros} Along its inner side, somewhat further back- 

^ Hertwig. According to Balfour and Sedgwick, these glomeruli form the anterior part of the 
Wolffian body, and the head kidney is represented by the MUllerian invaginations referred to later on 
(seep. 122 and fig. 145). 

I 2 
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wards, a series of transversely coursing tubes becomes developed in the intermediate 
cell-mass. These tubes are connected for a time with other involutions of the 
peritoneal epithelium (fig. 141), but subsequently lose their connection with that 






Fig. 188. — DlAQRAMS OF THE ARRANGEMENT OF THE URINART AND QENI7AL ORGANS IN BLiSHOBRANOHS. 

(Balfour.) 
A.— Diagram of the primitive condition of the kidney in an elasmobrakch embryo. 

pd, segmental duct ; opening at o, into the body cavity and at its other extremity into the cloaca ^ 
Tf line of separation between the Wolffian duct above and the Mullerian duct below ; st, segmental tubes, 
opening at one end into the body cavity and at the other into the segmental duct. 

B. — Diagram of the arrangement of the vrino-genital organs in an adult female 

elasmobranch. 

m.dt Mtillerlan duct ; w.d^ Wolffian duct ; 8.t, segmental tubes ; five of them are represented with 
openings into the body cavity, and five posteriorly correspond to the metanephros ; or, the ovary ; c/, 
ureter. 

(J. — Diagram of THE arrangement of the urino-genital organs in an adult male elasmobranch. 

m.d, rudiment of Mullerian duct ; w.d. Wolffian duct, serving at t>c^ as vas deferens ; 8.t, segmental 
tubes, two represented with openings into the body cavity ; d, ureter ; t, testis ; nt, canal at the base 
of the testis ; V.E, vas efferentia ; Ic^ longitudinal canal of the Wolffian body. 

epithelium, and acquiring glomeruli at one part, at another part open into the 
Wolffian duct. They form the mid-kidney. Wolffian body or mesojuphros, which 
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presently projects as a distinct vascular organ along Ihe dorsal part of the peritoneal 
cavity on either side of the mesentery. Subsequeutly another duct becomes deve- 
loped along the outer side of the Wolffian body, along which it runs backwards to 
open also into the cloaca : in front it communicates with the pleuroperitoneal cavity 
by one or more funnel-shaped apertures (fig. 143, z). This is the Mullerian duct, so 
named after Johannes Muller ; in some of the lower vertebrates it arises in common 
with the Wolffian duct. From the lower end of each Wolffian duct a hollow pro- 
trusion (fig. 125, C and D, N) grows upwards into a mass of mesoblast continuous 
with that of the Wolffian body ; with the branches of this protrusion glomeruli and 
convoluted tubes also become connected, and thus the permanent kidney {hind-kidney, 
metdnephros) is produced. Lastly, the coelomic epithelium covering the inner side of 
the Wolffian body becomes thickened (fig. 143, a), and within it are found larger 
cells, fi-om which the generative products in both sexes (ova and spermatozoa) arc 
eventually derived. This epithelium is accordingly known as the germinal epithelium. 
The duct of Muller becomes in the female the oviduct or Fallopian tube ; in the 
male it becomes atrophied. The Wolffian duct in the male becomes the epididymis 
and vas deferens ; while the vasa efferentia and tubes of the rete testis are formed 
as outgrowths from the Wolffian body ; in the female these parts have no permanent 
function. 

The head kidney, although permanent and functional in fishes, is only a rudi- 
mentary organ in the embryo of higher vertebrates, and soon disappears. The 
Wolffian body is well developed in all vertebrates ; in fishes and amphibia it is an 
important part of the permanent urinary apparatus, and also serves to carry away 
the male sexual products (fig. 138). In higher vertebrates (amniota) it no longer 
continues to perform excretory functions, but still supplies the efferent apparatus of 
the testis. 

The details of the development of these parts may next be considered. 

The Wolffian duct and body. — The commencement of the Wolffian duct is 
seen at a very early period of development (second day in the chick, eighth day in 
the rabbit) as a thickening of the intermediate cell-mass in the anterior region of 
the trunk (fifth somite) (fig. 39, Wd). The outgrowth projects towards the epiblast, and 
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Rg. 139. — TRAKSr\'BR8B SECTION OF AH EMBRYO CHICK OF THIRTT-SIX HOURS. *f** (E. A. S.) 

n.c, medullary tube ; p, protovertebra ; ep, epiblast ; me, lateral mesoblast spUt into splanchnoplenre 
and 8omatopleui*e ; a», pleuro-peiitoneal cavity between them ; coe^, cavity of protovertebra, continuous 
OQ the right fide with the lateral mesoblastic cleavage ; W.d., Wolffian duct ; W.h., mesoblast of 
Wolffian body ; cA, notochord. 

developes fi:om before backwards ; a solid cord of mesoblast thus becomes formed, which 
gradually becomes detached from the remainder of the intermediate cell-mass, lying 
close to the epiblast (fig. 139, ung). Soon after it is thus formed, a lumen appears in 
it and extends both forwards and backwards. The posterior end, which is still solid, 
is presently found to be attached to the epiblast, and apparently continues to grow 
backwards along and at the expense of the epiblast until it reaches the posterior end 
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of the body, where it becomes detached from the epiblast^ and is comiected with and 
opens into the hind-gut (cloaca). 

I have here followed what has appeared to me the most probable acconnt of the ori^nn of 
the dnct (Martin, Strahl), but it is right to state that in the opinion of some obeeirers 
(Hensen, Spee, Flemming) the formation and growth of the dnct in connection with the 
epiblast is primary, especially in mammals, and the dnct is originally formed by a longitudinal 
thickening and involution of the epiblast, which only secondarily becomes connected with the 
intermediate cell-mass. Compare also Haddon, Origin of segmental duct, Proc. Roy. Dublin 
Society, VoL V. 

In teleosteans (Rosenburg) and amphibia (Gotte) the Wolffian duct has been described as 
developing in the form of a longitudinal groove-like invagination of the somatopleural meso- 
blast (Balfour, Oomp. Emb., voL ii., pp. 580, 582), but more recent researches appear to indi- 
cate ^t in these animals also the epiblast may be concerned in its formation. 

The Wolffian body developes in the intermediate cell-mass between the Wolffian 
duct and the body-cavity as a series of transverse tubes which lie at right angles to 
the course of the Wolffian duct, and open into it at regular intervals. The usual 




Fig. 140.— Tbaksvbbsb suc- 
tion OF THE TRUHK OF A 
OAT EMBRYO, SHOWING THE 
VESICULAR 8TA0E OF THE 
WOLFFIAN TUBULES. 

(K. A. S.) 

m.p., muscle plate ; aoi 
aorta ; m.f/., mid -gut ; am, 
amnion ; w, vesicle of Wolffian 
body; w.d.. Wolffian duct; 
ccSf coelom. 

mode of formation of 
these tubes — which are 
sometimes termed seg^ 
mental tubes — appears 
to consist in the accu- 
mulation at regular intervals, corresponding with the somites, of rounded masses 
of mesoblast on the mesial or ventral side of the Wolffian duct (iSg. 142, w.b,), 
which masses become afterwards hollowed out so as to form small vesicles, at 
first isolated, but afterwards growing towards and opening into the Wolffian 
duct (fig. 140).i Corresponding with these vesicles there become formed invagi- 
nations of the epithelium of the body-cavity (fig. 141, «/), which is thickened 
along the inner side of the Wolffian projection, and grows at regular intervals 
towards the vesicles. These ingrowths may at first communicate by funnel-shaped 
openings, which in some lower vertebrates are lined by ciliated epithelium, with 
the body-cavity, but the openings in higher vertebrates become closed again before 
communication with the Wolffian duct is established. Finally, the connection 
between the Wolffian tubes and the peritoneal epithelium is completely severed, and 
the condition of simple or curved transverse tubes, blind at their inner ends and 
opening at their outer ends into the Wolffian duct, is produced (fig. 142, B). After 
a time the blind extremities are seen to be enlarged and spoon-shaped, and glomeruli 

* According to y. Wijbe the hollow condition is the primary one in elasmobranchs, and the carity of 
each Tesicle represents an intermediate part of the coelom of the segment (meso-coelom), the dorsal 
coelom being represented by the cavity of the proto- vertebra and the ventral coelom by the plearoperi- 
toneal space. I have myself observed this condition of a hollow intermediate ceU-mass communicating 
on the one hand with the cavity of the protovertebra and on the other with the cleft of the lateral 
mesoblast, in a chick of 36 hours (see fig. 139). 

In mammals the Wolffian vesicles are more numerous than the segments. 
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are obserred developing in the bowl of the spoon from mesoblast oella, which 
presently become entirely enclosed by the end of the tube. Subsequently a second 
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Fig. 141. — Transtbbsi sictioh through thb tkunk of a duck bmbbyo with about twbbtt-foub 

ME80BLASTIO SOMITES. (Balfour.) 

am, amnion ; ao, somatopleare ; jp, splanchnopleure ; vfd, Wolffian duct ; tt, segmental tube with 
peritoneal involution ; ea.v, cardinal vein ; m.«, muscle-plate ; 9p,fff spinal ganglion ; gp.e. spinal cord ; 
ch, notocbord ; ao, aorta ; hy, hypoblast. 

and a third set of tubes become developed in a similar manner, but without perito- 
neal invaginations, and also open directly into the Wolffian duct. Lastly, other tubes 
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Fig. 142. — ^Traksybrse sections of sheep bxbrtoes, showiko two stages in the devblopmbnt of 
the wolffian body. (Bonnet.) 
iff.df Wolffian duct; w.b. Wolffian body; p.v, protovertebra ; c//, notocbord; n,c, neural canal; 
am, amnion ; ao, aorta ; i, intestine; y,8, yolk-sac. 

with glomeruli become formed between, and open into those which are already 
connected with that duct. All these tubes are short and straight when first deve- 
loped, but afterwards lengthen and become converted into convoluted uriniferous 
tubes, which, like those of the permanent kidneys, begin in a dilated extremity 
enclosing a tuft of capillary blood-vessels (glomerulus), which are supplied by 
branches of the primitive aortce. 
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When completely formed, the Wolffian bodies are seen on opening the abdomen 
of the embryo as long prominent vascular organs projecting into the peritoneal 
cavity on either side of the intestine, and showing in section numerous Malpighian 
corpuscles and uriuiferous tubules variously cut (fig. 143). 

Soon after having attained its complete condition of development, the Wolffian 
body begins to undergo atrophic changes. These proceed much further in the 
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Fig. 143. — Traksversb section of thi 

WOLFFIAN BODY OP THE OHIGK ON THI 

FOURTH DAY. (Waldcycr.) 

TO, mesentery ; L, body wall ; a\ thickened 
epithelium from which the involation of the 
anterior part of the MUlIerian duct z, is 
taking place ; a, thickened germinal epithe- 
lium in which are seen primitive ova, o ; 
E^ modified mesoblast which will form the 
stroma of the ovary ; WK^ tubules of Wolffian 
body variously cut ; y, Wolffian duct Two 
glomeruli are shown in the Wolffian body. 

female sex than in the male, but the 
tubules of the organ do not entirely 
disappear in either sex. In the 
female they form the rudimentary 
organ which is known as the ^r- 
ovarium {epoophoron of Waldeyer), 
while the main tube of that struc- 
ture represents a remnant of the 
Wolffian ducL But in many animals, 
e.g.,, the sow, the Wolffian duct re- 
mains as the duct of Gartfier, a 
strong, slightly undulated tube, which is traceable, at first free in the broad ligament 
of the uterus, and lower down becoming incorporated with the wall of the utcruB 
and vagina, upon which last it becomes lost. Traces of this tube can sometimes be 
seen in sections across the body or cervix of the adult human uterus, and even lying 
in the wall of the vagina. 

In the male the Wolffian duct forms the tube of the epididymis, the vas deferens, 
and the ejaculatory duct ; the seminal vesicle being formed as a diverticulum from 
its lower part. The coni vasculosi and tubuli efferentes are in all probability formed 
by the persistence of some of the tubules of the Wolffian body. The Malpighian 
corpuscles of these tubules have long disappeared, but previous to their disappearance 
solid columns of epithelial cells, afterwards becoming tubules, grow from the walls of 
those corpuscles towards the germinal epithelium (fig. 153), where, in the male, they 
become continuous with and enclose cells derived from that epithelium (which 
subsequently form the epithelium of the seminiferous tubes), and thus produce the 
walls of the seminiferous tubules and the rete testis. In the female sex there is also 
a growth of solid cellular columns towards the germinal epithelium, but no connec- 
tion becomes established between them, and the columns do not become tubular. 
The organ of Girald^ and the vasa aberrantia of Haller are probably the remains 
of one or more Wolffian tubules. 

Suprarenal oapsules. — These or«raiis are intimately connected in their development with 
the WolfElan bodies. According^ to the observations of Weldon some of the oeUular columns 
which grow from the Malpighian corpuscles of the upper part of the Wolffian body towards 
the germinal epithelium give offsets which pass upwards towards the inferior vena cava, and 
there become developed into the cortical substance of the suprarenal capsules. (Mihalkovics, 
on the other hand, states that the strands of cells which grow from tlie upper part of the 
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Wolffian body to take part in the format ion of the sapiarenal capsules hare been derived by 
proliferation from the germinal epithelium.) It had long been beliered that the two parts of 
these organs, cortical and medullary, are separate in origin ; the former being derived, as was 
thought, from cells which are of mesoblastic origin, the latter being developed in connection 
with the sympathetic ganglia. In elasmobranchs and some other lower vertebrates, they 




^flib^ 




Fig. 144.~Ihtirnal organs of a female huhan f(etu8 of SJ inches long, or about 14 weeeb. 

Magnified (from Waldeyer). 

0, the ovary full of primonlial ova ; c, tubes of the upper part of the Wolffian body forming the 
epoopboron (parovarium of Kobelt) ; W, the lower part of the Wolffian body forming the paroophoron 
of His and Waldeyer ; ut', the Wolffian duct ; M, the MUllerian duct ; m', its upper fimbriated opening. 

Pig. 145. — Internal genital organs of a male human embryo of 3 J inches long (from Waldeyer). 

t, body of the testicle with seminal canals formed ; «, epididymis, or upper part of Wolffian body ; 
Wf Wolffian body, lower part, becoming paradidymis or organ of Giraldds : iff' Wolffian duct^ becoming 
vas deferens ; g, gubemaculum. 




Fig. 146.— Two figures exhibiting a comparison between parts of the genebativb orgajs nr 
THE two sexes (from Farre, after Kobelt). 

A. — Adult ovary, parovarium and fallopian tube. 

a, a, Epoophoron (parovarium) formed from the upper part of the Wolffian body ; 6, remains of the 
uppermost tubes, sometimes forming hydatids ; c, middle set of tubes ; (£, some lower atrophied tubes ; 
e, atrophied remains of the Wolffian duct ; /, the terminal bulb or hydatid ; h, the FaUoinan tube, 
originally the duct of Muller ; t, hydatid attached to the extremity ; 2, the ovary. 

B.— The ADULT testis and epididymis. 

a, ff, convoluted tubes in the head of the epididymis developed from the upper i)art of the Wolffian 
body : b and /, hydatids in the he^d of the epididymis ; c, coni vasculosi ; d, vasa aberrantia ; h, 
remains of the duct of Miiller with i, the hydatid of Morgagni, at its upper end ; 2, body of the testis. 
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consist throughout life of two separate portions, one median and single, the other, derived 
from the sympathetic ganglia, paired ; in birds, reptiles, and mammals these distinct portions 
nre combined into the two paired organs (Balfonr). But in these also, as has been shown by 
Mitsnkuri for mammals, the medullary or nervous part is at first distinct and outside the 
cortical, into which it gradually insinuates' itself, retaining, however, its connection with the 
neighbouring sympathetic ganglia. 

The permaneiLt kidneys arise (1) as protrusions from the posterior end of the 
Wolffian ducts (see fig. 125, C and D, iV'), which grow forwards towards the lower part 
of the Wolffian bodies, and form the ureters and the collecting tubules of the kidney ; 
(2) from a portion of the intermediate cell-mass situated posterior to the Wolffian 
body, and within which convoluted tubes and Malpighian corpuscles, and eventually 
the remaining parts of the uriniferous tubules become developed. But before these 
changes occur in this intermediate cell-mass, it shifts its position relatively to the 
Wolffian body, eventually coming to lie above and behind that organ. The con- 
voluted tubes, with their Malpighian corpuscles, appear to be developed independently 
of the ureter and collecting tubes, as in the case of the Wolffian tubules and the 
Wolffian duct, a communication between them being only subsequently established. 

The glomeruli are apparent in the eighth week in the human foetus. In the 
third month the papillae are formed, and in the fourth month the loops of Henle are 
seen. The tubes are wider in the fcetus than in the adult ; the expansion of the 
kidney as growth advances must therefore be due mainly to an increase in length of 
the tubules, since new tubules and glomeruli do not appear to be formed. The 
human kidney is at first lobulated, the lobules corresponding in number to the 
Malpighian pyramids, but by the end of the first year after birth, the kidneys have 
usually nearly lost their lobulated appearance. 

The wrinaxy bladder is formed by a spindle-shaped dilatation of the stalk of 
the allantois (second month). The upper pole of the spindle extends as the urachus 
into the umbilical cord ; it not unfreqnently remains hollow for some length within 
the cord (Luschka). The lower pole of the spindle which passes towards the cloaca 
becomes the first part of the urethra of the male, and the whole of the urethra 
of the female. The rest of the male urethra is formed and enclosed by the folds of 
integument which produce the penis (see p. 128). The ureters, which are originally 
prolonged from and open into the Wolffian ducts, subsequently become shifted in 
position, so as eventually to open into the enlargement of the allantoic stalk, from 
which the bladder is formed. 

The Knllerian duet. — In lower vertebrates, as was shown by Balfour for 
elasmobranchs, this duct takes origin by the splitting off of the ventral part of a 
longitudinal segmental or Wolffian duct, the dorsal part remaining as the Wolffian 
duct proper, and receiving the segmental and uriniferous tubes, while the ventral part 
retains the funnel-shaped orifice, by which the segmental duct communicated ante- 
riorly with the body cavity, and comes to open posteriorly into the cloaca by an 
orifice distinct from that of the Wolffian duct (fig. 138 and fig. 147). In amniotic 
vertebrates, the process of formation of a Miillerian duct is somewhat diflPerent 
It arises on the outer side of the already fairly well developed Wolffian body, and 
some little distance from the anterior end of that organ, as a thickening of the 
peritoneal epithelium (fig. 143, a'), which thickening becomes invaginated towards 
the adjacent Wolffian duct, in the form of three successive funnel-shaped depressions 
(fig. 148), somewhat similar to those which are connected with the previously formed 
Wolffian segmental tubes. The invaginations are connected together by a con- 
tinuous epithelial ridge, forming a cord which becomes disconnected from the 
peritoneal cavity except at the anterior invagination, and subsequently acquires 
a lumen. The short tube which is thus formed, soon begins to grow backward 
as a solid rod of cells, which comes in close contact as it proceeds with the Wolffian 
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dact (fig. 149). To this duct it presently adheres intimately, and then continues 
Fig. 147,— Four sections through the anterior part op the 

SEGMENTAL DUCT OF A SCTLLIUH EHBRTO. (BalfoUT.) 

The figixre shows how the segmental duct becomes split into the 
Wolffian dnct dorsally and the Mullerian duct or oTiduct ventrally ; 
Wd, Wolffian dact ; od, Mtillerian dact or oviduct ; 9d (in D), 
segmental duct. 

to grow backwaras for a certain distance as a thicken- 
ing of the epithelinm of that tube, the thickening 
becoming gradually separated off from before back- 
wards, and the lumen passing along it. Further back 
it ceases to grow thus in connection with the Wolffian 
duct, but is prolonged as an independent cellular cord, 
which lies in a groove along the side of the Wolffian 
duct (Balfour and Sedgwick). 

Entering the genital cord} the two Miillerian ducts 
lie at first on the mesial side of the corresponding 
Wolffian ducts, but lower down pass behind them ; 
they finally come again between these ducts, lying 
close together, and, according to Mihalkovics, approach 
close to the sinus urogenitalis, which by this time is 
formed out of the ventral part of the cloaca (see p. 128) 
without actually opening into it for some time. The Miillerian ducts fuse together 
below into a single tube (fourth month) ; the fusion begins not at the lower end. 





Fig. 148. — Sections prom the chick showing two op the peritoneal invaginations which give 
RISE to the anterior PART OP THB MtfLLERiAN DUCT. (Balfour and Sedgwick.) 

^, second invagination ; ^, third invagination ; r^, epithelial ridge between them ; IFd, 
Wolffian duct. These structures form the pronephros of Balfour and Sedgwick (see note, p. 115). 

Fig. 1 49. — Two SECTIONS prom the chick 

SHOWING the JUNCTION OP THE TER- 
MINAL SOLID PORTION OP THB MCL- 
LERLAN DUCT WITH THls WoLPPIAN 

DUCT. (Balfour and Sedgwick.) 

In A, the terminal portion of the duct 
is quite distinct ; in B it has united 
with the wall of the Wolffian duct m^, 
Mullerian duct ; Wd^ Wolffian duct 

but a short distance away from 
this (fig. 150, 8), and proceeds 
both downwards towards the 
future orifice and upwards for a 

1 A name given to the thickened mass of tissue which snrroands the Wolffian ducts a? they oourse 
together to the cloaca behind the stalk of the allantois (afterwaids the base of the bladder). 
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certain length, the amount of this upvyard extension of the fosed ducts yarying in 
different animals. 

The united part of che Miillerian ducts afterwards forms the foundation of the 
vagina and uterns in the female, and the prostatic vesicle, or uterus masculinus in 








believed 
duct. 



to represent in the maiC the 



Fig. 150. — Traksvkbsb sbctiohs op th« 

GENITAL CORD IH A FEHALB CALF BM- 
BAYO. MaOHIFIBD FOUBTBBIT PIAJCSTBR£. 

(KoUiker.) 

1, near the upper end ; 2 and 3, near the 
middle ; 4, at the lower end ; a, anterior, 
j>, posterior aspect ; m, Mtlllerian ducts 
uuited or separate \ to, Wolfliiui ducts. 

the male ; the upper or foi*e part of 
the Mullerian duct disappears in 
the male, in the female it forms the 
oviduct (Fallopian tube). 

The hydatids of Morgagni are 
remnant of part of the Miillerian 



In the human embryo of the third month the uterus is bifid, and it is by the upward ex- 
tension of the median fusion that the triangular body of the uterus is produced. The bifid 
condition corresponds with the bicomed uterus of many animals, and the process of fuaion 
above described explains the occasional malformation of a partial or complete division of the 
uterus and vagina into two passages. Up to the fifth month there is no distinction between 
vagina and uterus. Then the os uteri begins to be seen, and the cervix uteri subsequently 
becomes manifest as a part, which is at first thicker and larger than the rest of the organ. 

In some animals the prostatic vesicle of the male is prolonged into comua and tubes like 
the uterus of the female. 

The germinal epithelium. — This name was given by Waldeyer to the thick- 
ened epithelium lying along the inner side of the Wolffian projection (fig. 143, o). 
The cells become at first columnar, and then two, three, or even several layers thick, 
while at the same time the mesoblast below them becomes increased in amount, and 
thus a marked projection is produced, which in some vertebrates forms a distinct 
ridge — the (jenital ridge. Amongst the cells of the germinal epithelium, some are 
seen which are larger and more splicrical than the otiiers, these are the primordial 
ava (fig. 148, o), and occur in both sexes ; in fact, up to a certain point, the diif'er- 
ence of sex of the embryo is not apparent. 

Development of the ovary. — In the female sex the germinal epithelium soon 
becomes much thickened, and begins to grow down into the mesoblastic stroma in the 
form of columns of epithelium cells, which enclose amongst them some of the prim- 
ordial ova.^ These columns constitute the egg-tuhes of Pfliiger (fig. 152). They 
are separated from one another by mesoblast, which grows towards and into the 
germinal epithelium simultaneously with the down-growth of the egg-tubes, and 
there is thus produced a complete interlocking of strands of connective and epithelial 
tissue, which together constitute the ovary. The egg-tubes next become broken up 
into rounded groups or " nests " of germinal epithelial cells, each of which may 
enclose one or more primordial ova. The primordial ova eventually develope into 
ordinary ova, two or more frequently fusing together to form a single ovum (Balfour), 
while from the remaining cells in the '*nest '* the epithelium of the Graafian follicle 
is eventually produced. In many of the cell ncsts^ primordial ova cannot at first be 



> Mihalkovics states that the cells which are to form the follicular epithelium first sink into the 
stroma, and that afterwards the primordial ova follow them, and become enclosed by them. 
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distingaishedy but become formed snbiseqaeiitly by an increase in size of one or more 
of the cells. The farther changes which take place in the Graafian follicle arc 
desci-ibed with the stracture of the ovary (v. Splanchnology). The remainder of 




Fig. 151. — Trahsvsbsb ssotion through the ovart of an embryo shark (scyllium), showinq thk 

OERM-EPITHKLIUM PORHINO PRIMITIVE OVA. (Bolfonr.) 

At po, the germ-epithelium and primitive ova ; the lightly-shaded part is the ovarian stroma, 
covered elsewhere by flattened epithelium. 



the germinal epithelium which is left covering the surface after the formation of 
the egg-tubes, constitutes the permanent epithelium of the ovary. 

Meet, if not all, of the permanent ova are produced, at least in the human gubject, long 
before birtb- In the human ovary the nests of cells which are to form the Graafian follicles 

Fig. 152 — Section of the ovary op a 

KSWLY-BORN CHILD. HlQHLY MAO- 

N I PIED. (Waldeyer.) 

a, Gkrminal epithelium dipping in at 
6, to form an ovarian tube ; c, e, prim- 
ordial ova lying in the germ -epithelium ; 
0^, dj longer tube becoming constricted so 
as to form nests of cells ; e, e, larger nests ; 
/, distinctly formed follicle with ovum 
and epithelium ; g, g, blood- vesseb. 

ore more equally diffused through the 
substance of the ovary than in most 
animals, in many of which the young 
follicles remain forming a stratum 
near the surface. In the human 
embryo of from four months up to 
the period of birth, the ovary seems 
to be formed of little else than a mass 
of young ova, closely surrounded by 
flattened cells of the germinal epithe- 
lium and constituting thus minute 
Graafian follicles ; the amount of 
stroma being at this time relatively small. It has been calculated that the ovaries may 
at this stage contain as many as 70,000 primordial ova. 

]>evolop]nent of the Testiele.—The germinal epithelium does not undergo so 
marked an hypertrophy in the male as in the female. But it becomes thickened, 
and enlarged cells, corresponding to the primordial ova in the female, are found in 
it. Further, small strands of the epithelium dip down into the subjacent mesoblast, 
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which grows simulfcaneoudy into the epithelium, and eventually cell-nests are sepa- 
rated and included in the mesoblastic tissue. Whether these nests are derived from 
the division of the primordial ova only, or whether they also include other cells of the 
germinal epithelium is not clear. It would appear that from these cell-nests the 
epithelium of the seminiferous tubules is developed, although all stages of the 
process have not been observed. The cell-nests eventually become connected with 
the outgrowths from the Wolffian bodies (fig. 153, st)^ which as already mentioned, 




Fig. 153. —Section op the germinal epithelium and adjacent stroma in a male chick embrto. 

(Semon. ) 

fJ-fPt germinal epithelium forming a thickened ridge-like projection ; pr.ot\ primitive ova of various 
sizes, boiiie in the germinal epithelium and others sometrhat beyond the limit of this epithelium ; <f» 
strands of cells which have grown from the Wolffian body towards the germinal epithelium, and one of 
which appears connected with an enlarged primitive ovum. 

form the rete testis and the efferent tubes of the testicle. The reproductive gland is 
in both sexes at first attached directly to the Wolffian body (fig. 156, A, of), which 
itself is attached by a fold of peritoneum to the back of the abdominal cavity. 
This fold becomes the mesovarium or mesorchium as the case may be. A band also 
passes from the Wolffian body upwards to the diaphragm, and another fold contain- 
ing involuntary muscular fibres— the plica guhernatru — nms down towards the 
groin from the lower part of the Wolffian body and the duct. This band, as the 
Wolffian body becomes atrophied, is found to be attached to the reproductive organ, 
constituting the gnhermiculum testis in the male, and the round ligament of the ovaaij 
in the female (fig. 156, g). 

Descent of the Testicles. — The testicles originally lie in the lumbar region of 
the abdomen. From this part they become shifted, at first to the intestinal 
abdominal ring, opposite which they are found in the sixth month, and which they 
enter in the seventh month, then down the inguinal canal into the scrotum, which 
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ihey usually enter by the end of the eighth month. But previously to this, a pouch 
of peritoneum — the processm va^nalis—hQA descended into the scrotum along the 
abdominal ring, pushing before it part of the internal oblique muscle and the 
aponeurosis of the external oblique, which form respectively the cremasteric muscle 





Fig. 154. — DlAGKAlCS TO ILLUSTBATE THE DESCENT OF THE TESTICLE AND THE FORMATION OF ITS 

covERiNQS. (0. Hertwig.) 

In A the testicle is lying close to the internal abdominal ring. In B it ha£ passed into the sac of 
the tunica v^nalis. 1, skin of abdomen ; V, skin of scrotum ; 2, superficial abdominal fascia ; 2', 
Cooper's fascia ; 3, muscular and aponeurotic layer of abdominal wall ; 3', cremaster muscle and sper- 
matic fascia ; 4, peritoneum ; 4', processus vaginalis ; 4" visceral layer of processus vaginalis covering 
testicle ; t, testicle ; v.d., vas deferens ; r, internal abdominal ring. 



and spermatic fascia (fig. 15-4). This pouch, after the descent of the testicle into 
it, becomes shut off from the abdominal cavity, and forms the cavity of the tunica 
vaginalis. The descent of the testicle into the scrotum is intimately connected with 
changes in the gubemaculum. The gubernaculum extends, as before mentioned, 
from the integument of the groin, which aftei'wards forms the scrotum, upwards 
through the abdominal ring to the lower part of the epididymis. When the pro- 
cessus vaginalis is formed, the gubernaculum lies behind the serous sac. The 
descent of the testicle is accompanied by a shortening of the gubemacular cord, 
which thus appears to draw the organ downwards into the scrotum, and the testicle 
following the line originally taken by the gubernacular cord, also passes down along 
the posterior wall of the processus vaginalis, which it therefore invaginates from 
behind. 

In many animals the testicles remain throughout life in the abdominal cavity. In others 
they only descend into the scrotum during the period of " heat." Cases of cryptorchismus, in 
which one or both testicles have failed to reach the scrotum, and have remained either in the 
inguinal canal or within the abdominal cavity, are not unfrequent in the human subject. 

The ovaries also undergo a considerable change of position, accompanied by a 
shortening of the band which corresponds with the gubernaculum testis in the male. 
This band, as it passes by the united part of the Miillerian ducts which are forming 
the body of the uterus, becomes attached laterally to that organ, and the descent of 
the ovary is normally arrested at the side of the uterus. In rare cases, however, the 
ovaries pass through the abdominal ring by the canal of Nuck, and may even be 
found in the labia majora, where they resemble in position the testicles within the 
scrotum. 

The External Organs. — The external organs are up to a certain time entirely 
of the same form in both sexes, and the several organs which afterwards distinguish 
the male and female externally have a common origin (see fig. 155). A cloaca exists 
till after the fifth week, and the genital eminence from which the clitoris or penis is 
formed makes its appearance in the course of the fifth or sixth week in front of and 
within the orifice of the cloaca. In the course of the seventh and eighth weeks this 
orifice is seen to be divided into two parts ; but the exact manner in which the sepa- 
ration of the two apertures takes place has not been accurately traced. The process 
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is connected with the formation of the urogenital cord as an independent structure, 
and results in the division of the cloaca into a dorsal or anal and a ventral or 
urogenital part {urogeniM sinus). Somewhat later, in the ninth or tenth week, a 
transverse integumental band completes the division, which band forms the whole cf 
the perineum of the female, and the part of the perineal integument in the male 
which is situated behind the scrotum. 

Of the two apertures the dorsal one or anus is of small size, and is surrounded by 
a small circular integumental ridge ; the anterior or urogenital aperture forms a 





Fig. 155. — DSYELOPMEKT OF THE EXTERNAL SEXUAL 
ORGANS IN THE MALE AND FEMALE FROM THE 
INDIFFERENT TYPE, (Eckcr. ) 

A, the external sexual organs in an embryo of aboat 
nine weeks, in which external sexual distinction is not 
yet established, and the cloaca still exists ; B, the same 
in an embryo somewhat more advanced, and in which, 
without marked sexual distinction, the anus is now- 
separated from the urogenital aperture ; C, the same in 
an embryo of about ten weeks, showing the female type ; 
D, the same in a male embryo somewhat more advanced. 
Throughout the figui-es the following indications are 
employed ; pc, sexual eminence (penis or clitoris) ; to 
the right of these letters in A, the umbilical cord ; 
Pt penis ; c, clitoris ; rf, cloaca ; ug^ urogenital open- 
ing ; a, anus ; Uy cutaneous elevation which becomes 
labium or scrotum ; ly labium ; s, scrotum ; eo, caudal 
or coccygeal elevation. 



narrow vertical slit wider behind than before, and running forward as a furrow into 
the rudiment of the penis, or clitoris. 

The well marked eminence in the integument which forms this rudiment, at first 
indifferent in the two sexes^ is surrounded by a deep circular fold of the integument 
which encompasses its base, and which is the foundation of the mons veneris and 
labia majora in the female, and when united by median fusion, of the scrotum in the 
male. The lips of the urogenital furrow, which in the female are converted into the 
nymphae, and in the male unite as the integument below the penis, are both at first 
precisely the same in all embryoes. In the open condition, which continues until 
the eleventh or twelfth week, the parts appear alike in both sexes, and resemble 
the more advanced female organs. The rudiments of Bartholin's or Gotrper^s 
glands appear at an early period as involutions of epithelium, near the root of the 
nidimentary clitoris or penis, on each side of the genito-urinary passage. 

In the female, the outer circular fold of integument enlarges at the sides so as to 
cover the clitoris as the labia majora. The clitoris itself remains relatively small, 
and the groove on its under surface becomes less and less marked, owing to the 
opening out, and subsequent extension backwards, of its margins to form the nymplut. 
The vascular bulbs, sunk more deeply in the tissues than in the male organ, remain 
distinct and separate, except at one point where they run together in the glans 
clitoridis. The hymen begins to appear about the fifth month as a fold of the lining 
membrane at the opening of the genital passage into the urogenital sinus. Within 
the vestibule, which is the shortened but widened remains of the urogenital sinus, 
the urethral orifice is seen, the urethra itself undergoing considerable elongation. 

In the male, on the contrary, the penis continues to enlarge, and the margins of 
the groove along its under surface gradually unite fi'om the primitive urethral orifice 
behind, as far forwards as the glans, so as to complete the long canal of the male 
xiTBihiray which is therefore a prolongation of the urogenital sinus. This is accom- 
plished about the fifteenth week. When the union remains incomplete, the abnormal 
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condition named hypospadias is pcodnced. In the meantime the preptice is formed, 
and, moreover, the lateral cntaneons folds also unite from behind forwards, along the 
middle line or raphe, and thus complete the scrotum, into which the testicles descend 
in the course of the eighth month of foetal life, as before described. 

The corpora cavernosa, which are at first separate, become united in their distal 
portions in both sexes ; but the corpus spongiosum urethrse which is also originally 
divided in all embryoes, and in the female remains so in the greater part of its 
extent, becomes enlarged in the male in the glans penis, and its two parts become 
united mesially both above and below the urethra, so as to enclose the whole of that 
tube from the bulb foi;wards to the glans. 

The following Table and Diagrams exhibit the corresponding parts of the 
urino-generative organs in the two sexes : — 
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Fig. 156. — Diagrams TO SHOW THB DBTELOPMKNT 

OF XALB A5D FBMALB QBHERATIVB ORGANS 

PROX A ooxxoN TTPB. (Allen ThomBon.) 

A. — Diagram of the primitive uro-genital 
organs in the embryo previous to sexual 
distinction. 

3, ureter ; 4, urinary bladder ; 5, nrachos ; 
ot, the genital ridge from which either the ovary 
or testicle is formed ; W, left Wolffian body ; 
w.vf, right and left Wolffian ducts ; m.m, right 
and left Mttllerian ducts uniting together and 
running with the Wolffian ducts in gc, the genital 
cord ; ug, sinus urogenitalis ; t, lower part of 
the intestine ; d, cloaca ; cp, elevation which 
becomes clitoris or penis ; U, fold of integument 
from which the labia majora or scrotum are 
formed. 



B. — Diagram of the female ttpb 

OF SEXUAL organs. 

o, the left ovary ; po, parovarium 
(epoophoron of Waldeyer) ; W, scat- 
tered remains of Wolffian tubes near 
it (paroophoron of Waldeyer) ; d G, 
remains of the left Wolffian duct, such 
as give rise to the duct of Ghtrtner. 
represented by dotted lines ; that of 
the right side is marked w ; f, the 
abdominal opening of the left Fallo- 
pian tabe ; u, uterus ; the Fallopian 
tube of the right side is marked m ; 
g, rojind ligament, corresponding to 
gubemaculum; t, lower part of the 
intestine ; va, vagina ; h, situation 
of the hymen ; C, gland of Bartholin 
(Cowper's glimd), and immediately 
above it the urethra ; cc, corpus ca- 
vemosum ditoridis ; tc, vascular bulb 
or corpus spongiosum ; n, nympha ; 
/, labium ; v, vulva. 



N^?_ ^^^^ 



C. — Diagram of the male ttpb of 

SEXUAL organs. 

ty testicle in the place of its original 
formation ; e, caput epididymis ; vd, vas 
deferens ; W, scattered remains of the 
Wolffian body, constituting the organ of 
Girald^, or the paradidymis of Waldeyer; 
vh, vas aberrans ; m, Mullerian duct, 
the upper part of which remains as the 
hydatid of Morgagni, the lower part., 
represented by a dotted line descending 
to the prostatic vesicle, constitutes the 
occasionally existing comu and tube of 
the uterus masculinus ; g, the gubema- 
culum ; vSf the vesicula seminalis ; jpr, 
the prostate gland ; C, Cowper's gland of 
one side ; ep, corpora cavernosa penis 
cut short ; «p, corpus spongiosum ure- 
thne ; «, scrotum ; ^, together with the 
dotted lines above, indicates the direction 
in which the testicle and epididymis de- 
scend from the abdomen into the scrotum. 
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DEVELOPMENT OF THE HEART. 



FORMATIOIT OF THE VASCXJIiAB SYSTEM. 



DBVSLOPMSNT OF THB HSABT. 

In mammals, the heart appears in the form of two tubes lying in the cephalic 
region, one on either side of the embryo. These are seen at a very early period, 
prior, in fact, to the separation of any part of the alimentary canal from the yolk 
sac, and to the closure of the neural groove. This bilateral condition was first 
observed by Hensen in the rabbit ; it has been seen by His in the human 
embryo. 

The situation and mode of formation of the bi-tubular heart are well illustrated 
by the accompanying figures from Kolliker. They exhibit the condition in the 

Fig. 157. — Rabbit embryo op the 9th day, prom the 
SURFACE. V' (Kolliker.) 

The medullary gi'oove is enlarged anteriorly and the primary 
optic vesicles are growing out from the first cerebral enlarge- 
ment. On either side of the head, the bilateral tubular heart 
is seen. Eight pairs of protovertebi-se are formed. 

rabbit embryo of about eight or nine days — the 
time when the heart first makes its appearance. 
Fig. 157 shows such an embryo in surface view. 
The neural groove, as also the sections show, is 
widely open, although the rudiments of the cere- 
bral enlargements are apparent in it, and also the 
enlargements for the primary optic vesicles. There 
are eight pairs of proto-vertebrae, the paraxial 
raesoblast in front of these and on either side of 
the cerebral enlargements being undivided. Out- 
side this undivided cephalic mesoblast is a short 
tube dipping in front into it, and passing behind 
into a venous trunk, the vitelline or omphalo- 
meseraic vein of the same side. The tube lies 
within and is immediately surrounded by a clear 
space, which is continued forwards beyond it on 
either side of the fore-brain ; this space is pro- 
longed from the mesoblastic cleft or pleuro-peri- 
toneal cavity (coelom). 
The two short tubes form the double rudiment of the heart. The situation 
which they occupy becomes, wheu the lateral walls fold over to form the foregut, 
the ventral wall of the pharynx, and the two tubes are thus brought together in the 
middle line underneath the head part of the alimentary canal. Here they soon 
become fused together to form a single median tube, the hinder end of which is still 
continuous with the two vitelline veins, while the anterior end bifurcates near the 
anterior end of the foregut into two branches which arch doi-salwards on either side 
of that tube, and then pass backwards on each side of the notochord as the two 
primitive aortae. 

These changes in the position of the primitive heart are partly shown in surface 
view in figs. 158, 159, but they can only properly be appreciated by the study of 
transverse sections. Fig. 160 is a transverse section through the anterior head 
region of the embryo shown in fig. 157. This is anterior to the heart region, but 
shows the commencing folding over of the splanchnopleure to form the foregut. 
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The m^oblastic cleft (coelom, /?^) is somewhat dilated^but is not doubled in, as in the 
heart region. The lateral mesoblast ceapes a short distance beyond it. Fig. 161 is 
a section through the middle of the head region of the same embryo. Here, whilQ 





Fig. 158. — Embbto rabbit op eiobt days and bighteen hours, with 9 protoybrtebils, viewed 

PROM THE VENTRAL ASPECT. : ^ (KoUikcr. ) 

Fig. 159. — Sketches showing more advanced condition op the bitubular heart op the rabbit. 

Y- (AUen Thomson.) 
A, view from below of an embiyo in which the formation of the heart was somewhat more advanced 
than in fig. 158, and of which an ootline of the heart is repeated in B. C, from another embryo, shows 
the two halves of the heart in the commencement of their coalescence, h^ the part of the bent tube 
which becomes the ventricle ; a, primitive aortic arches and descending aortss ; VV, vitelline veins 
entering the heart posteriorly The arrows indicate the course of the blood. 

the other parts of the section are much the same as in front, the dilatation of the 
ccelom, \rhich is in fact the rudiment of the future pericardium, is occupied by ah 
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Fig. 160.— Section prom the same embryo purther porward than that shown in the preceding 

piouRE. (Eblliker.) 

p, paraxial mesoblast ; r/, medullary groove ; r, ridge bounding groove ; mp, medulhiry plat6 
of hind brain ; k, epiblast ; Ap, somatopleure ; ^p, splanchnopleure ; pk, anterior part of ccelom ^ 
mes, mesoblast beyond the coelom ; dd, hypoblast ; dd', notochordal thickening ; gw, lateral waU of the 
developing pharynx. 

invagination, or fold, of the splanchnic mesoblast. This fold becomes subsequently 
entirely separated and the aperture or line of inyagination closed; it forma the 
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muscular wall of the heart. It encloses a second tube composed of flattened 
epithelium cells ; this so-called endothelial tube (His) becomes the lining epithelium 
of the endocardium. 




UkJi V/f4/* 



Fig. 161. — A, Trans VER8B section through the head op ah bxbrto sabbit op eight days ajtd 

FOURTEEN HOURS, WITH A PART OF THE PERIPHERAL BLASTODERM. ^. (KolUker.) 

AA, radiments of the heart ; «r, pharyngeal grooye, with notochordal thickening of hypoblast. 

B.— Part of the same more highly hagnified. ^{*. (Kolliker.) 

Lettering as in fig. 160. In addition :— aAA, fold of splanchnopleure to form wall of heart ; 
ihhf endothelial tube of heart. 

There is some doubt as to the source of this endothelial tube of the heart. In the preceding 
edition of this work it was stated that it is " derived from the deeper part of the visceral meso- 
bla«t ; " this statement being apparently founded upon the statements and figures given by 
Kolliker. His ascribes it, like the endothelium of the blood-vessels, to an ingrowth from the 
vascnlar area. The appearance of the section shown in fig. 161 B, seems to lend colour to the 
belief that the invagination which has taken place to form the heart is not the splanchnic 
mesoblast only, but has included also the hypoblastic layer of the splanchnopleure ; the notch 
vhich is seen in the hypoblast near *m?, appearing to indicate an interrupted connection with 
the endocardial tube. Should future investigations show that this is actually the mode of 
formation of the tube, the mammalian heart would be developed in essentially the same 
manner as has been shown by Riickert to occur in Pristiurus (an Elasmobranch), where this 
organ, which, as in all vertebrates below mammals, is formed only after the foregut is com- 
pleted, is developed as a median outgrowth or thickening of the ventral wall of the f oregut. 
A similar mode of formation has also been noticed in Cyclostomata, Ganoids, and Amphibia. In 
reptiles and birds the first appearance of the heart is as a bilateral tube, but it becomes visible 
only after the foregut is formed, and the two tubes lie from the first close together, and from 
the surface appear as a single median tube. 

Sections at a somewhat later period (fig. 162) show the two tubes lying in con- 
tact on the ventral side of the now completed foregut. The septum which divides 
them at this period has nothing whatever to do with the permanent intra-oardiac 
septum, but soon becomes completely absorbed, so that by the fusion of the two 
lateral tubes a single median tube is the result (fig. 163). This median tubei'emains 
attached by a suspensory membrane resembling a mesentery (jnesocardium posterius) 
{mp, fig. 163) to the ventral wall of the pharynx, but the mesocardium anterius, 
which also at first results from the fusion, disappears, except at the lower end, and 
otherwise the tube becomes free, except where the vitelline veins pass to it from the 
yolk sac, a lateral attachment to the body wall being here subsequently formed on 
each side (mesocardium laierale of Kolliker). After it is thus formed, the heart is 
for a time median in position and symmetrical (fig. 164, A), but already in the 
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mammal shows distinct indications of division into its several parts ; indeed, these 
parts are apparent even while the two tubes are still distinct, as the accompanying 
sketches of the rabbit's heart clearly show (fig. 159). The heart does not, however, 

Fig. 162. — Traksverse section through 

THE REGION OP THE HEART IN A RABBIT 
EMBRYO OP NINE DAYS, SHOWING THE 
COMMENCING PUSION OF THE TWO TUBES. 

Y. (KoUiker.) 

jb> jugular veins ; ao, descending aortse ; 
ph, pharynx ; Ajo, epiblast of body- wall ; 
lA, endothelial lining of the still divided 
heart ; oA, outer wall of the heart ; py peri- 
cardial coelom ; df^ df, visceral mesoblast 
(somatopleure) ; e\ prolongation of the 
hypoblast of the foregut and the anterior 
wall of the pericardial cavity into the 
partition between the two halves of the 
heart ; W, bilaminar portion of blastoderm 
forming pro-am nion ; <Jrt, ent, its two 
layers (epiblast and hypoblast). 

long retain its symmetrical position. It soon becomes bent upon itself, so as to 
assume the shape of an S, the anterior part of the tube bending over to the right and 
the posterior to the left (fig. 1 64, B). At the same time the posterior, or sino-auricular 






Fig. 163. — Section through the region of the heart in a rabbit embryo of 10 days, after 

THE two tubes HAVE UNITED INTO A SINGLE MEDIAN ORGAN. (Kolliker.) 

ao, descending aortss ; ba, bulbus aort» ; ah, its external waU ; mp, posterior mesocardium, uniting 
the heart to the ventral wall of the pharynx, pk, and here separating the pleuropericardial. coelom, 
Pj into two halves, which are, however, united on the ventral side of the heart ; ent, hypoblast of yolk 
sac ; (f^, its mesoblast ; df, mesoblast of pharynx ; ect, epiblast. 

Fig. 164. — Outlines of the anterior half of the embryo chick viewed from below, showing the 

HEART in its EARLIER STAGES OF FORMATION. (After Eemak.) ^ 

A, embryo of about 28 to 30 hours ; B. of about 36 to 40 hours ; o, anterior cerebral vesicle ; 
6, proto- vertebral segments ; c, cephalic fold ; 1, 1, vitelline or omphalo- mesenteric veins entering the 
heart posteriorly ; 2, their union in the posterior part of the heart ; 8, the middle part of the tube 
corresponding to the ventricle ; 4 (in B) the arterial bulb. 

end of the heart, gradually comes to lie behind or dorsal to the ventncular part, 
which arches transversely from left to right, w^here it turns sharply upward (towards 
the head), and terminates in the bulb. The tube is divided by slight constrictions 
into successive portions, viz. : (1) the part formed by the junction of the principal 
veins, sinus venosus ; (2) the auricular part ; (3) the ventricular part ; and (4) the 
aortic bulb. 
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The smtis venoms may be described as consisting of two lateral enlargements or 
horns, and of a transverse part connecting these horns. The veins which it at this 
time receives are the umbilical, the vitelline, and the ducts of Cuvier (formed 



A 




Fig. 165.— Condition of the heabt in the human embrto of about fifteen days, keconstbucjted 

FROM SERIAL SECTIONS. (His.) ^ 

A, from before, showing extenLol appearance of heart ; B, the same with the muscular substance of 
heart removed showing the endothelial tube ; G, from behind. 

mn, mandibular arch with maxillary process; ky^ hyoidean arch ; 6. a, bulbus aortae ; r, right 
ventricle ; t/, left ventricle ; au, auricular part of heart ; c.a., canalis auricularis ; s.r, horn of sinu» 
venosus with umbilical vein {u.v), superior vena cava (r.c.«), and vitelline vein entering it ; 
d, diaphragm ; mp, mesocardium posterius ; I, liver ; b.d, bile duct. 

by the junction of the primitive jugular from the head and the cardinal from 
the trunk). The three veins are nearly symmetrical on the two sides, and enter the 
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Fig. 166.— Heart of a bohewhat more adyancbd human exbrto. (His.) ^ 

A, from before ; B, from behind. 

r.v, right ventricle ; l.v, left ventricle ; b.a, bulbus aortffi ; r.au, right auricle ; l.au, left auricle ; 
v.c.Sj vena cava superior ; u.v, umbilical vein ; v.v, vitelline vein ; d, diaphragm. 

corresponding horn of the sinus (fig. 168). The sinus is at first in free communi- 
cation with the common auricular cavity, but the junction presently becomes 
narrowed, and the resulting aperture, which eventually acquires a slit-like character. 
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is found to open from the right horn of the sinus into the right part of the common 
auricle. The sinus now forms a transversely disposed sac, lying below and behind 
the common auricle, with a larger right and a smaller left horn (the latter being 



Lau, 
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Fig. 167.— Hbabt or hum ah bmbrto sLiaHTLT mors adyahcbd than that shown in Fia. 166. (His.) 

A, interior of auricle and ventricle displayed. 

B, endothelial tube. 

a,c, auricular canal ; a.t, area interposita of His ; m, posterior mesocardinm ; r,a/u, Lau^ rigbt and 
left auricles ; Lv^ left ventricle ; r.v, right ventricle ; 6. a, bulbus aortse. 

tapered oflf into the left duct of Cuvier) ; in this condition it has been termed by His 
saccus reuniens (fig. 1 69, B, and fig. 171). The umbilical and vitelline veins soon open 
into it by a common trunks which becomes the upper end of the vena cava inferior. 




ct^' 
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Fig. 168. — Hbabt op rabbit exbbto. (Born.) 

A, from before ; B, from behind. 

8.8, sinus venosus ; Iv, left ventricle ; r.r, right ventricle ; 6, bulbus aortae ; ao\ first aortic aroh ; 
ao , second aortic arch ; r.au, right auricle ; Lau, left auricle ; wnh.v, umbilical vein ; W.r, vitelline 
vein ; v,c.8, vena cava 8U|jerior. 

The slit-like orifice of the sinus in the back of the right auricle is guarded by two 
valve-like folds of the endocardium, which project into the cavity of the auricle (right 
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Piff, 169. Anterior akd posterior aspect of the heart op a somewhat older rabbit embryo. 

(Born.) 

p,a, pulmonary arteiy ; «.r, s I, i.tr, right and left Loms and transverse part of sinus respectively ; 
r.«.<J, l.8.Cj right ard left superior cavae ; pf, aperture of pulmonary vein ; A.r, hepatic veins; d.v, 
ductus venoeus ; me, mesocardium poeterins. 

The other letters as in fig. 168. 




Fig. 170. — Section through the heart of a rabbit embrto at thbistaqe shown in fiq. 169. 

(Bom.) 

r.», ?.a, right and left horns of sinus receiving from above the respective superior venae cavse ; r.wuj 
Z.(Hi| right and left auricles ; r.v, Lv, right and left parts of the ventricle ; r.r r, l.r.i\ right and left 
valves guarding the orifics from tho right horn of the sinus into the right auricle ; au.v.c, one of the 
two endocardial cushions which are beginning to sub-divide the common auriculo- ventricular aperture. 
The dotte<l line encloses the extent of the endocardial thickening ; 8\ first septum superior growing 
down between th3 auricles and prolonged below by a thickening of endocardium. Close to this septum 
in the left auricle is seen the opening of the pulmonary vein ; s.inf, inferior septum of the ventricles. 

Fig. 171. — View from behind of the heart of a human embrto of about 4 weeks, magnified. (His.) 

The two superior cavn, right and left, and the inferior cava are seen opening separately into the 
■inus which is a transversely elongated sac communicating only by a narrow orifice with the right 
auricle. 
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and left venous valves) (fig. 1 70, r,i\v., hv.v.). These pass above into a muscular fold 
of the auricular wall, which extends over the roof of the auricle heart parallel to the 
septum atriorum, and is known as the septum spurium (fig. 173, B).i It disappears at 
length, probably by uniting with the septum atriorum. Subsequently the venous orifice 
opens out, and the right horn of the sinus, which is now seen to receive all the great 
veins except the left duct of Cuvier, becomes gradually incorporated with the cavity 
of the auricle. The transverse part of the sinus and its left horn are continuous 
with the left duct of Cuvier (fig. 171), and eventually the transverse part forms the 
coronary sinus. From the right venous valve the Eustachian valve is formed, and 
the development of the Thebesian valve is also connected with its lower end 
(Schmidt). The left venous valve disappears. 

The transversely placed ventricular part of the heart receives at first at its left 
end the orifice of the common auricle, which opens into its posterior wall (fig. 
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Fig. 172. — Diagram to show the formation of the bbptum of the TBirrBicLES ahd bulb, and the 

MODS of division OF THE COMMON AURIOULO-YENTBICULAE APERTURE. (Bom. ) 

au,v,c (in A and B), auricnlo-yentricnlar aperture, partialJy diyided into two by endocardial cushions ; 
r.au,v, l.a/u.v, right amd left auriculo- ventricular apertures which have resulted from the division of the 
common aperture; r.v, l.v, right and left ventricles ; 6, bulbus aortsB, replaced in C, by p.a and a.Oy 
pulmonary artery and aorta ; a.b, septum bulbi ; sAnff septum inferius ventriculorum ; o (in A), orifice 
between the two ventricles. 



172, A, a.v.c.). At its right end it turns sharply upwards into the aortic bulb, into 
which it gradually tapers, although there is at a certain point a constriction of the 
endothelial tube, where the semilunar valves are subsequently formed (/return Halleri). 
Soon the right and left halves of the ventricle are separated externally by a 
groove which extends from below, partially encircling the tube (fig. 169). If the 
interior of the heart is examined at this stage, it is seen that a muscular septum, 
corresponding internally to this groove, is growing upwards and backwards from 
the antero-inferior part of the tube, and is gradually separating it into two parts, 
which become the right and left ventricles respectively (fig. 170, s,inf). This 
aeptum {septum inferius of His) is placed obliquely to the long axis of the tube, 
and extends eventually nearly to the level of the auriculo-ventricular orifice, which 
has by this time become shifted along the posterior wall of the tube, so as to open 
into it about its middle instead of at the right end, as was previously the case 
(fig. 172, B). The septum of the ventricles remains incomplete for some time, 
a communication between the two ventricles being maintained above it. Even- 
tually the septum inferius unites with prolongations, (1) from the endocardial 
cushions which divide the common auriculo-ventricular orifice into right and left 

^ This muscular prolongation may, as Bom suggests, be of use in assisting the action of the valves, 
and in preventing their being forced backwards into the sinus when the auricle contracts. 
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orifices ; (2) from the endo-cardial aortic septam, whicli divides the balb into aorta 
and pulmonary artery. Thus the septum of the ventricles is completed by endo- 
cardial connective tissue, a fact which is indicated even in the adult heart by the 
existence of the thin septum membranaceum which forms the uppermost ptut of 
the inter- ventricular septum. 

The common auricle in the meantime becomes shifted relatively upwards over 
the back of the ventricles, carrying the sinus along with it, but it still lies behind 
rather than over the ventricles, and the aperture of communication passes from 
behind forwards, from the left part of the auricle into the correspondmg half of the 
ventricle. This constricted aperture soon becomes elongated into a short canal, 
which is known as the auricular canal. Its orifice into the ventricle is from the 
first somewhat flattened, and bounded by two lips, an upper and a lower. As deve- 
lopment proceeds, it broadens out towards the median plane of the ventricular tube, 
and becomes gradually shifted, first towards, and eventually over the line of constric- 
tion which marks ofP the future right and left ventricles from one another (fig. 172). 
The ventricular septum has by this time extended almost up to the transversely 
elongated slit-like orifice, and its lips, still upper and lower in relative position, 
become greatly thickened by the formation of cushions of endocardium, which grow 
towards one another in the middle of the slit, and presently fuse into a median 
thickening which converts the single M-shaped aperture into two triangular 
openings, leading one into each ventricle (fig. 172, 0). Meanwhile, the septum of 
the ventricles growing towards the base abuts against, and at length comes into direct 
continuity with the fused endocardial cushions, but this connection is nearer to the 
right, than to the left auriculo-ventricular aperture.' There is still, as above stated, 
a small orifice of direct communication between the left and right ventricles above 
the free edge of the ventricular septum, and this is not closed until the descent of the 
septum of the bulb^ and its union with the septum of the ventricles, completes the 
interventricular septum. 

The above account of the division of the auricular canal is based upon that given 
by Bom for the rabbit, and in some respects differs from the description which was 
given by His from an examination of human embryoes. According to His, the endo- 
cardial cushions, which by their union subdivide the auricular canal, are preceded by 
and connected with a growth of endocardial tissue, which springs from the posterior 
auricular wall, and they together form a septal prolongation {septum interTnsdium), 
which projects like a stopper into the auricular canal, and divides the latter into the 
two auriculo-ventricular orifices, and also grows down beyond that canal to meet the 
•uprising ventricular septum (fig. 173). The shortening of this canal is in part effected 
by a Idnd of intussusception which takes place, and which causes its wall to be 
folded into the ventricular cavity ; these folds, with probably some thickening of 
endocardium, form the bases of the lateral flaps of the auriculo-ventricular valves 
(fig. 175). The bases of the mesial or septal flaps are formed by a downward growth 
of the edges of the endocardial septum between the two orifices. Both lateral and 
mesial flaps become continuous with the spongy muscular substance which at this 
time occupies most of the cavity of the ventricles (fig. 175). As development 
proceeds, the flaps, which are at first thick and soft, become thin and membranous, 
and become free from muscular substance except near their free edges. These 
muscular bands become tendinous near their insertion into the valves, and thus form 
the cJwrda tendinecB; the parts which are not thus transformed become the papillary 
muscles. 

The septum of the auricles appears at the upper and back part of the auricular 

* Henoe the right auriealo-Tentrienlar orifice lies dose to tbe Tentricolar septum, bot the left orifice 
is separated from it by an interral, into which the root of the aorta becomes continued (Bom). 
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cavity, where its situation is externally marked by a groove. The free edge of this 
septum grows forwards and downwards, and the septum (fig. 170, s^ gradually 
separates the auricular cavity into a right and left half, the separation being com- 
pleted by the junction of its free edge, which shows a distinct endocardial thickening, 
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Pig. 173. — Two STAQES IN THE FORMATION OF THE SEPTCK INTERMEDIUM IN THE HEART OF THE HUMAN 

EMBRTO. (His.) 

In A the aeptam is represented as growing from a triangular area to the left of the sino-aaricnlar 
orifice ; in B it has coalesced with the endocardial cadiions, and lies like a stopper in the auricalar 
canal. 

r.a^ La, right and left auricle ; r.v, l.v, right and left ventricle ; «.r, sinus venosus ; Eu.Vy Eustachian 
valve ; «.«p. septum spurium ; «.<, septum superior ; t.inf, septum inferior ; «.», septum intermedium ; 
v.cSf vena cava superior dextra. 
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with the fused cushion-like thickenings which are subdividing the common auricular 
orifice. But before the originally free communication between the two auricles is thus 
closed, a new aperture makes its appearance above and at the back of this septum, 
and gradually enlarges, so that a passage is thus re-established, but in a diiferent 
situation. This new orifice is the foramen ovale, it becomes closed by a second 
septum, which also starts from the superior auricular wall, a little to the right of the 
original attachment of the first septum, and gradually grows forwards and downwards 
over the orifice. This second septum becomes the limbus Vieussenii, the first one 
forms the so-called valve of the foramen ovale (Born). 

According to His' accoant of the process in the human embryo, the septum atriorum is 
formed by an anterior, or lower, and a posterior, or upper, sickle-shaped projection, which between 
them enclose the foramen ovale, and form respectively the limbus Vieussenii and the valve of 
the foramen ovale ; the connective tissue growth which he describes as growing from the 
posterior auricular wall towards the auricolo-ventricular orifice takes an important part in 
the formation of the lower septal projection (septum intermedium). There is reason, how- 
ever, to believe that the process, as above described by Bom for the rabbit, is materially the 
same in aU the higher vertebrates, including man, and that the successive growth of both 
septa from the upper and posterior auricular wall was not noticed by His on account of the 
lack of a series of human embryos sufficiently complete to show all the stages of growth. 

Somewhat late in the course of development (after the appearance of the auricular 
septum), the pulmonary veins are seen entering the left auricle. Before reaching the 
auricle they have united to form a single vessel, and this opens into the auricle near 
the septum (fig. 170, p.v.). In some animals, as the rabbit, this represents the 
permanent mode of termination of the pulmonary veins, but in man the right and 
left veins come to open separately into the auricular cavity, either by division of the 
common trunk (His), or by opening out of the common trunk, and its absoi-ption 
into the auricle in the same way as the right horn of the venous sinus is absorbed 
into the right auricle (Bom). The two resulting vessels may again divide, so that 
four pulmonaiy veins ultimately terminate in the left auricle. 

The aortic bulb becomes subdivided into two vessels, the ascending aorta and 
the pulmonary artery. The division is produced by a septum which arises as two 
longitudinal thickenings of the lining membrane (endocardium). These grow from 
opposite sides, and gradually meeting, fuse together in the middle of the bulb. The 
folds take an oblique course down the bulb, for above they are anterior and posterior, 
but below are right and left, hence the resulting vessels after separation are anterior 
and posterior below and right and left above. The endocardial thickenings extend 
somewhat below the origin of the bulb, and unite with one another and with the 
septum of the ventricles, which they complete, and of which they form the mem- 
branous part. The ventricular part of the heart is now completely divided into two, 
each communicating with the corresponding division of the arterial bulb. There are 
at first no semilunar valves, the soft thickened endocardial tissue of the bulb appear- 
ing to exercise a sort of valvular action. The valves are formed as three projec- 
tions of this tissue at the base of each vessel, at first thick and soft, but subsequently 
becoming thinner and membranous. The common aortic trunk has four such 
thickenings at the lower end, and the septum of the bulb as it descends is prolonged 
into the right and left of these, so that the dumb-bell-shaped orificse is divided into 
two triangular apertures, the bulging sides of which are formed by the endocardial 
cushions and become developed into the semilunar valves (fig. 174). 

The aortic septum begins between the fourth and fifth aortic arches, and is so dis- 
posed, that the fourth arch continues the aortic half of the bulb, the fifth the pul- 
monary half. After the completion of the septum, an external groove makes its 
appearance along the line of the endocardial thickenings, and deepening gradually, 
splits the bulb into two separate vessels. 
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Fig. 174. — DiAOBAX SHOWING THB 
DIVISION OP THE LOVTBR PART OF 
THE BULBUS AOBTJB, AND THE FOR- 
MATION OF THB SBXILUNAB VALVES. 

(After Gegenbaur and His. ) 

A, undivided truncus arteriosus 
with foor endocardial cashions; B, 
advance of the two lateral cushions 
resulting in the division of the lumen ; 
C, projection of three endocardial 
cashions in each part ; D, the separa- 
tion into aorta and piUmonary trunks 
completed. 



Fig. 176. — Sections thbouqh the 

HEART OF HUMAN BMBRYOES, SHOW- 
ING TWO STAGES IN THE FORMATION 
OF THB CARDIAC SEPTA AND OF THE 
AURICULO-VBNTRICULAR VALVES. 

(His.) 

A, from an embiyo of 5 or 6 weeks. 
JZ. r, right auricle ; L. F, left auri- 
cle ; S.T.d^ right horn of sinus ; £.r.«, 
left horn of sinus ; Y.E^ Eustachian 
valve ; «.in^, septum superior and 
endocardial cushion (septum interme- 
dium, His) ; %Anf^ septum inferius 
ventriculorum. lliis septum, as well 
as the bulk of the ventricle, is a mus- 
cular sponge at this stage. 0«, ceso- 
phsgus ; Bt^ bronchus. 

B, from a somewhat more advanced 
embryo. Ad^ As, right and left 
auricle ; Ost, auriculo- ventricular 
apertures; S.s. septum superior of 
auricles ; S.it, endocardial cushion 
(septum intermedium) ; S.if, septum 
inferius ventriculorum, now denser 
and more muscular ; Mpp, peri- 
cardial attachment. 



Distinct muscular tissue is 
seen in the cardiac wall, even 
as early as the stage of an 
S-shapcd tube, although the 
heart begins to pulsate regu- 
larly long before this. The 
muscular layer is separated 
from the epithehal lining of 
the cavities (endothehal tube 
of His) by a layer of clear 
gelatinous tissucybridged across 
by fine fibres (embryonic con- 
nective tissue). This layer is 
most abundant in the ventri- 
cular part and aortic bulb, and 
here the endothelial tube is 
consequently much smaller 
than the muscular tube. Sub- 
sequently, in the ventricle, the 
gelatinous tissue is invaded by 
muscular bands which grow 
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into it from the compact outer layer of muscle, and unite with one another to form 
a spongework of muscular trabecute, while the endothelium of the cavity becomes 
depressed between and over these trabeculse, and lines all the spaces between them^ 
which thus communicate with the cavity of the ventricle. The ventricles are therefore 
now in the same condition in which they are found permanently in many of the 
lower vertebrates (e.g. frog). 

Ultimately the compact outer layer of muscle becomes greatly increased in thick- 
ness, and the spongework of trabecidse occupies a relatively much smaller portion of 
the cavity, being developed in part into the columnae carneae of the adult heart. 

Peculiarities of the footal heart. — Besides the peculiarities of structure^ 
which have been above described, the foetal heart differs in position, in relative size, 
and in the thickness of its several parts, from the oi-gan after birth. Thus it is at 
first placed immediately under the head, but subsequently, with the development of 
the neck, it gradually assumes a position farther back. In early foetal hfe it is 
much larger in proportion to the size of the body than at a later period, and at birth 
it is still proportionally large. The walls of both ventricles are of equal thickness 
during foetal life, a peculiarity which is evidently connected with the fact that in 
consequence of the communication of the pulmonary artery, through the ductus 
arteriosus, with the aorta, the blood pressure which they have to overcome is the 
same. 

DEVXIiOPMXNT OF THS PRINOIPAIi ABTEBDBB. 

From the point of insertion of the aortic bulb into the ventral wall of the foregut, 
first one, and then in succession four other arterial arches, become formed, and pass 
on either side, one into each visceral arch. Half encircling this part of the 




Fig. 176— DlAQRAMXATIO OUT- 
LINKS OP THE HEABT AND PRI- 
MITIVE VESSELS OF THE BMBRTO 
CHICK AS SEEN FROM BELOW AND 
ENLARGED. (A. T.) 

A, soon after the first establish- 
ment of the circulation ; B, C, at 
a somewhat later period ; 1,1, 
the veins returning from the vas- 
cular area ; 2, 3, 4, the heart, 
now in the form of a notched 
tube ; 6, 5 (upper), the two primi- 
tive aortic arches ; 5, 5 (lower), 
the primitive double aorta ; a, the 
single or united aorta ; 5', 5', the 
continuation of the double aorte 
beyond, the origin of the large 
omphalo-meseuteric arteries, 6, 6. 
The division above 4 is repre- 
sented as carried rather too far 
down. 



alimentary canal, they are continued above it into two descending or primitive aort(B, 
These two vessels run down the trunk on either side of the notochord, yielding, as 
they descend, lateral offsets to the body walls and to the yolk sac. Finally they give 
oflT, at the lower or posterior extremity, two large vessels, which accompany the 
allantois, and furnish blood to the fcetal part of the placenta {umbilical or allantoic 
arteries). 

The primitive aortae do not long remain double. As was first shown by means 
of Ecctions by Allen Thomson, they unite in the middle line, the union beginning 
in the dorsal region and extending forwards and backwards ; in the latter direction 
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even beyond the origin of the allantoic arteries, the middle sacral artery being in 
feet the extremity of the aorta, 

Ocoasionallj the union remains incomplete, a median septum being sometimes found as a 
malformation of the descending aorta. 

The common iliacs are formed by persistence of the roots of the allantoic arteries ; when 
the lower limbs are formed they give off to these the external iliacs. 

Since their discovery by Rathke in 1826, the arterial arches have been regarded with 
much interest as corresponding with those from which the blood-vessels of the gills in 
fishes and amphibia are derived. Along with the (subdivided) aortic bulb they give rise, by 
various transformations, to the permanent pulmonary and aortic stems and the principal vessels 
which spring from them. Most of what is known regarding the mode of their transformation 
in different animals is due to the researches of Rathke. In the human embryo the subject 
has been recently investigated by His, whose account will be here mainly followed. 
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Fig. 177. — ^FROFILB view of a human BMBBTO of about FIFraBN DATS, WITH THE ALIXENTABT CANAL IN 

LONGITUDINAL SBOTION. (HIb.) 

Two arterial arches are formed at this stage. 

Fig. 178.— Similar view of a sombweat older bmbrto, SHOwnta five arterial arches. 

1, 2, 8, 4, 5, are opposite the respective seoondaiy cerebral vesicles ; from the side uf the fore-brain 
the primaiy optic vesicle is seen projecting ; ot, otic vesicle, still open in 177 ; p.r, septum between 
moaUi and pharynx (primitive velam). This has disappeared in 178 ; l^ commencing liver in septum 
transversum ; % vitelline stalk ; aJU^ allantois enclosed within stalk ; j.v, jugular vein ; c.v, cardinal 
vein ; «.r, sinus venosns within septum transversum ; «.a, left umbilical (allantoic) artery ; it.v, left 
umbilical vein. The sharp curve of the trunk of the embryo towards the jolk-sac is normal at this peiiod 
of development. 



From the point of insertion of the aortic bulb the arterial arches have a radial 
disposition as they pass into their respective visceral arches (fig. 181). They at first 
effect, as above stated, a complete commanication between the aortic bulb and the 
descending aorta, but subsequently in most cases the communication becomes 
obUterated, and the completeness of the vascular arch is thus obscured, the only 
arches which in manmials remain pervious through their whole extent up to the 
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time of birth being the fourth and fifth arches of the left side, which fonn the arch 
of the aorfca and the ductus arteriosus respectively. This obliteration begins early 
in the first and second arches, so that in many animals by the time the posterior 
arches are formed the anterior are partially obliterated ; but in man this is not the 
case, all five pairs of arches being present and fully pervious for a certain time (figs. 
178, 179, from His). 

As development proceeds, the point of insertion of the aortic bulb, which is at 
first opposite the first arterial arch, becomes, along with the rest of the heart. 



Fig. 179. — ^Profile view of a human embbto of 

ABOUT THREE WEEKS, SHOWIEQ THE OEPHALIO 
VISCERAL AROHES AND CLEFTS AHD THEIR RELA- 
TIONS TO THE ARTERIAL ARCHES. (His.) 

mx, maxillary process ; mn^ mandibular arch ; 
d.Cf duct of Ouvier; j.v, jugular vein; c.t>, cardinal 
vein ; v.v, Titelline vein ; u.v, umbilical vein ; u.a, 
umbilical artery ; all, allantois ; pl^ placental at- 
tachment of allantoic stalk ; Uf, olfkctoiy depres- 
sion ; ot, otic vesicle. 

relatively shifted backwards, and on each 
side the arterial arches presently appear to 
come off fi:om the bulb in two sets, viz. : 
the first and second from an ascending 
trunk, afterwards the external carotid, and 
the third, fourth, and fifth from a descend- 
ing trunk. 

;As the point of insertion is still further 
shifted, the third arch becomes added to 
the ascending trunk, the lower part of 
which now forms the common carotid. 
Finally, by a continuance of the same 
process, the fourth arch on each side comes 
to spring from the ascending trunk : that 
of the right side forming the innominate 
artery, that of the left the arch of the 
aorta ; and only the fifth arch, fix)m which 
the pulmonary arteries spring, has for a 
time a descending direction. 

From the dorsal part of the first arch a 
branch passes towards the brain — this 
becomes the upper part of the internal 
carotid. When the first and second arches 
become obliterated — a change which next 
occurs — this branch remains in continuity 
with the third arch by the unobliterated dorsal portions of the first and second 
arches (upper extremity of primitive aortee) ; these portions, together with the third 
arch, form the lower part of the internal carotid, the posterior communication 
between the third and fourth arch becoming obliterated. The branches of the 
external carotid are produced from the remains (ventral) of the first and second 
arches ; the maxillary and temporal arteries from the first, the lingual and ascending 
pharyngeal arteries, and probably also the occipital and auricular, from the anterior 
part of the second arch. 

The division of the bulb into aortic and pulmonary trunks begins just at the 
time when the extremity of the aortic bulb has become shifted backward so as 
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to be opposite the point of junction between the fourth and fifth pairs of arches, so 
that now all the arches above this point become separated off in connexion with the 
trunk of the aorta (ascending aorta) ; the one below it remaining in connexion with 




Rg. 180. — Pbofilb vnw of a hfxan bxbrto of about 8 or 4 weeks, showing the pribcipal abteribs 

AND VEINS. {Eis,) 

1, 2, 8, 4, 5, the secondary cerebral yesicles ; hyp, hypophysis ; ot^ otic Tesicle ; mn, mandibular 
arch ; %r, lung rudiment ; it, stomach ; Wd, Wolffian duct opening into cloaca ; /, //, i//, /F, F", 
the arterial arches springing from b.a, bulbus arteriosus ; p, pulmonary artery ; d/C, duct of Ouvier. 

the pulmonary trunk. After the separation, the aortic bulb, now a double tube, 
becomes still further shifted back, and with it the fourth and fifth arches. Since 



Fig. 181.— View from behind of the anterior part 

OF THB MOUTH AND PHARYNX OF A HUMAN EMBRYO 
OF 8^ WEEKS, SHOWINQ THE ARTERIAL ARCHES 
RADIATING FROM THB ATTAOHMENT OF THE AORTIO 
BULB. (His.) 

aoy point of attachment of aortic bulb in the anterior 
wall of the pharynx ; mn, hy, M, hr^f first four visceral 
arches ; /, //, ///, IV, the corresponding arterial 
arches ; F, fifth arterial arch giving off the pulmonary 
artery, j>. 

the inferior laryngeal nerve passes under the 
latter, this nerve must also become shifted 
downwards along with these arches. To 
allow for this shifting of the bulb, flie 
common carotids become proportionally 
lengthened. 

From the descending primitive aortse on either side a series of inter-segmental 
arteries pass ; the uppermost of these become united to form the vertebral arteries 
(which subsequently unite superiorly in the middle line to produce the basilar), the 
lower form intercostal arteries. A branch for the upper extremity comes off from 
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the commencement of the Vertebral ; it subsequently far exceeds the parent vessel 
in size, and forms the subclavian, this name being extended to what was originally 
the commencement of the vertebral from the descending aorta. 

Destmation of the fonrth and fifth arches. — As was above stated^ the 
aortic trunk, connected below with the loft ventricle, is connected above with the 
four superior arches, which spring from its two ascending rami ; of these rami the 
right is much the smaller, and its root forms the innominate ; the root of the left, 
which is much larger, represents the part of the arch of the aorta between the 

Fig. 182 — Diagram to show 

THE DESTINATION OF THE 
ARTERIAL ARCHES IN MAJf 

AND MAMMALS. (Modified 
from Rathke. ) 

Tbe trancus arteriosos, aod 
the five arterial arches spring- 
ing from it are represented in 
oatline only, the permanent 
Vessels in colours — those be- 
longing to the aortic system 
red, to the pulmonary system 
blue. 
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innominate and the left 
common carotid. On the ■ 
right side the proximal 
part of the fourth 
arch remains, and forms 
the common subclavio- 
vertebral trunk ; on the 
left side the whole arch 
persists and forms the 
remainder of the arch of 
the aorta. 

The j&f th arch of the 
right side only persists 
as far as the origin of 
the branch to the right 
lung, the remainder of 
the arch disappears. The fifth arch of the left side persists throughout its whole 
length during foetal life, and joins the fourth arch as the ducim artetmus. After 
birth, the part of the arch beyond the branch to the corresponding lung becomes 
impervious on this side also, and is converted into the ligammtum arteriostim. 

The upper part of the descending primitive aorta disappears entirely on the 
right side ; that of the left side forms the commencement of the permanent 
descending aorta. 

Rathke described both pulmonary arteries as being g^yen off from the fifth left arch in 
mammals, although admitting that in birds and reptiles each is formed from the corresponding 
arch. In birds the permanent aortic arch is the fourth arch of the right side, and not of the 
left side as in mammals, and in reptiles both aortic arches remain pervious. 

Many of the abnormalities which are observed in the disposition of these arteries, may be 
explained by regarding them as a persistence of embryonic conditions. 

The development of the arterial arches of the bird has been recently again examined by 
Mackay, whose account differs in important particulars from that of Rathke, and indeed of 
nearly all previous investigators. He describes the subclavian artery as arising from the third 
arch, not from the fourth (this was also given as its origin by Sabatier), springing from the 
ventral part of the arch, and running outwards superficial to the pneumogastric nerve and jugular 
vein. The third arch and its dorsal upward prolongation, form the common carotid, not the 
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internal carotid, as stated by Bathke, and the yentral prolongation of the truncus arteriosus 
forms, not the external carotid, bnt a small branch from the subclayian, or innominate 
artery, to the front of the trachea. These observations have not been as yet extended to 
mammals. 

Zimmermann has described, both in the rabbit and in the hnman embryo, an arterial arch 
between the aortic and pulmonary arches. If this is of constant occurrence it must be 
reckoned as the fifth arch, and the pulmonary wiU become the sixth. 

The histoiroQ6^<) changes involyed in the development of the blood-vessels are described in 
the chapter on Histology. 

The first vessels appear, as has been already stated, in the mesoblast of the vascular area ; 
the lamina of mesoblast in which they are formed is sometimes distinguished as the vascular 
lamina. They are said (by His and others) to grow inwards from the vascular area, but the 
manner in which the principal arteries and veins of the body axe first developed is not clear, 
beyond the fact that they are at first merely endothelial tubes. • The muscular tissue of the 
primitive aortaa is derived from the lower part of the proto-vertebra (E. Mtiller). 

DUVaZiOFiaBNT OF TBB FBXMOIPAZi VaiNB. 

In this subject also the description given hj His of the condition and changes 
of the veins in the human embryo mU be followed, although it differs in certain 
particulars from that which has usually been received. 

In the early embryo^ before the development of the allantois, two vitelline or 
ampTtalo-meseraic vema^ right and left, bring back the* blood from the vascular area 
upon the yolk sac, and unite to form a common trunk, which is continued as the 
sinus venosufi into the auricular extremity of the rudimentary heart. 

At the commencement of the placental or allantoic circulation (fourth week in 
man) two umbilical veins are seen coming from the placenta and opening into the 
sinus near the vitelline veins (fig. 168). Into this also opens on either side a 
transverse vein, the duct of Guvier or superior vena cava, which is formed by the junc- 
tion of the primitive jugular vein, bringing blood from the head, and the cardinal 
vein, which returns the blood from the Wolffian bodies, the vertebral column and 
the body walls (figs. 179, 180). The trunk or sinus into which all these veins pour 
their blood is now transversely disposed, immediately below the diaphragm, and 
forms the saccus reuniens of His, which has been already alluded to (p. 139). 

The vitelline or omphalomeseraic veins enter the abdomen along the vitelline 
duct and ascend at first along the front of the alimentary canal, but higher up they 
are seen on either side of that tube (duodenum and stomach). Here transverse 
communications form between the two veins, two in front of and one behind the 
duodenum, so that this is encircled by two vascular rings (figs. 180, 183). Above 
these venous circles the direct communication with the sinus becomes lost, the inter- 
mediate venous vessel or either side becoming broken up within the substance of the 
liver (which has by this time developed around them) into a vascular network, the 
middle part of which becomes capillary. 

The vessels which pass from the upper venous ring to the capillary network are 
known as veruB advehentes, they become the branches of the portal vein ; those 
which pass from it into the sinus are the vence revehentee, they become the hepatic 
veins. 

The lower commimicution between the vitelline veins takes the form of a com- 
plete longitudinal ftision of the two vessels, at least for some distance. This fused 
part receives veins from the intestine and stomach, and becomes the commencement 
of the portal vein. 

The umbilical veins are for a long time double within the abdomen, although 
rfiey have fused within the umbilical cord into a single trunk. They diverge from 
this and pass up to the sinus on either side in the somatopleure, just where this is 
becoming bent round into the amnion. After a time, however, it is found that this 
direct communication with the sinus is partially interrupted by the development of a 
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vaBcnlar network^ and that on the left side a fresh communication has become esta- 
blished with the upper venous circle of the vitelline veins. The interruption subse- 
quently becomes complete on both sides (fig. 188)^ and on the right side the greater 

Fig. 183. — YsKous trunks of a human bxbrto or 

ABOUT THRBB-AND-A-HALF WBBKS. (His.) 

v.c.dy v.c.s, superior venn caT», right and left; 
v.j, v,Cy primitiye jugular and cudinal vein ; 
v.u.dj v.u,$, umbilical Teins, right and left ; v.v^, 
v.u", upper detached portions of umbilical Toina ; 
v.v.onif omphalomeseraic or vitelline veins forming 
the vena portso. The permanent veins are coloured 
blue. 

part of the vein becomes atrophied (on 
both sides the part which originally opened 
into the sinus reuniens remains evident 
for a time). The left vein, on the other 
hand, increases in bulk with the develop- 
ment of the placental circulation. For a 
short time the whole of its blood, as well 
as that of the vitelline vein, passes through 
the capillaries of the liver. But a branch 
is soon seen passing from the upper venous circle direct into the right hepatic 
vein, near its entrance into the sinus. This forms the ductus venosus or vena 
ascmdens, and it now carries most of the blood of the umbilical vein direct to the 
heart. Subsequently the direct communication of the left hepatic vein with the 

Fig. 184. — Under burfaob of the f(BTAL litbr, 
WITH its great blood-ybssels, at the full 

PERIOD. 

a, the umbilical vein, lying in the umbilical 
fissure, and turning to the right side, at the trans- 
verse fissure (o), to join the vena portm (p) ; d, the 
ductus venosus, continuing straight on to join the 
vena cava inferior (c) ; some branches of the umbili- 
cal vein pass from a into the substance of the liver ; 
gt the gsdl-bladder, cut. 

sinus becomes obliterated, and a new com- 
munication becomes established with the 
ductus venosus ; and, finally, when, with 
the growth of the lower limbs and of the 
other abdominal and pelvic organs, the inferior vena cava becomes developed, this 
also joins the upper end of the ductus venosus. 

The lower part of the portal vein is formed, as we have seen, by the united 
vitelhne veins. The upper part is formed as a single trunk out of the double venous 
annulus by atrophy of the right half of the lower ring and the left half of the upper 
(fig. 183). The spiral turn around the duodenum is thus produced, and thus it is 
also that the portal vein at first appears more directly connected with the right vense 
advehentes than with the left. 

Most of these embryonic veins are at first of relatively large size and have an 
irregular sinus-like character, which disappears at a later stage of development. 

At the time of conmiencement of the placental circulation, two short transverse 
venous trunks, the ducts of Cuviery open, as has been above stated, one on each side, 
into the auricle of the heart. Each is formed by the union of a superior and an 
inferior vein, named respectively the primitive jugular and the cardinal 
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The primitive juffular vein receives the blood from the cranial cavity by channels 
in front of the ear, which are subsequently obliterated : in the greater part of its 
extent it becomes the external jugular vein ; and near its lower end it receives small 
branches, which grow to be the internal jugular and subclavian veins (fig. 185). 
The cardinal veins are the primitive vessels which return the blood from the 
WolflSan bodies, the vertebral column, and the parietes of the trunk. The inferior 
vena cava is a vessel of later development, which opens into the trunk of the 
umbilical and vitelline veins, above the venae hepaticse revehentes. The iliac veins. 

Fig. 185. — Diagram of the oohdition of 

THE GRBAT YBIMS IN THB EXBBTO, AND 
OF THEIR TRANSFCRMATION INTO THE 

PBRHANENT VEINS. (After EoUlker.) 

j, jugular Teins uniting with the snbcla- 
yian, a; c.a, cardinal veins becoming the 
azygos as in B ; d.c, ducts of Cavier formed 
by the union in B of jugular and cardinal, 
and becoming the superior vena cava on the 
right side, but disappearing on the left side ; 
ea\ part of left cardinal vein which disap- 
peaiB ; ci, vena cava inferior ; I, hepatic 
veins and ductus venosus ; tZ, common iliac 
veins ; er, external iliacs ; A, hypogastric 
becoming the internal iliacs. 

which unite to form the inferior 
vena cava, communicate with the 
cardinal veins. The inferior extre- 
mities of the cardinal veins are per- 
sistent as the internal iliac veins. 
Above the iliac veins the cardinal 
veins are obliterated in a consider- 
able part of their course ; the upper 
portions then become continuous 
with two new vessels, the posterior 
vertebral veins of Kathke, which 
receive the lumbar and intercostal 
twigs. 

As development proceeds, the direction of the ducts of Cuvier is altered by tne 
descent of the heart from the cervical into the thoracic region, and becomes the 
same as that of the primitive jugular veius. A communicating branch makes its 
appearance, directed transversely from the junction of the left subclavian and 
jugular veins, across the middle line to the right jugular ; and further down 
in the thoracic region between the posterior vertebral veins, a communicating 
branch passes obliquely across the middle line from right to left. The communi- 
cating branch between the primitive jugular veins is converted into the left brachio- 
cephalic or innominate vein. The portion of vessel between the right subclavian 
vein and the termination of the communicating branch becomes the right brachio- 
cephalic vein. The portion of the primitive jugular vein below the communicating 
vein, together with the right duct of Cuvier, forms the vena cava superior, while 
the cardinal vein opening into it is the extremity of the great vena azygos. On the 
left side, the portion of the primitive jugular vein placed below the communicating 
branch, and the cardinal and posterior vertebral veins, together with the cross 
branch between the two posterior vertebral veins, are converted into the left 
superior intercostal and left superior and inferior azygos veins. The variability 
in the adult arrangement of these vessels depends on the different extent to which 
the originally continuous vessels are developed or atrophied at one point or another. 
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The left duct of Cuvier is obliterated. But even in the adult, traces of this vessel 
oan always be recognised in the form of a fibrous band, or sometimes a namjw vein, 

A B 





Fig. 186. A and B. — DiAaRAMMATio outuhm op the vestigb op the lbpt superior cava ahd of 

A cAgB op its persistence. (Sketched after MarshalL) i. 

The views are supposed to be from before, the parts of the heart being removed or seen through. 

1, 1', inteiTial jugular veins ; 2, 2^, subclavian veins ; 8, right innominate ; 3', right or regular 
superior cava ; 4, left innominate, normal in A, rudimentary in B ; 6, in A, the opening of the superior 
intercostal vein into the innominate ; 6', vestige of the left superior cava or duct of Cuvier ; 6, 6', in B, 
the left vena cava superior abnormally persistent ; 6, coronary sinus ; 6', coronary veins ; 7, superior 
intercostal trunk of the left side (left cardinal vein) ; 8, the principal azygos (right cardinal vein) ; 
7', 8', some of the upper intercostal veins ; 9, the opening of the inferior vena cava, with the Eustachian 
vadve. 

which descends obliquely over the left auricle ; and in front of the root of the left 
lung there remains an indication of its former presence in the form of a small fold 

Fig. 187. — ^VlEW OP THE PCETAL HEART AND GREAT 
VESSELS, PROM THE LEPT SIDE, TO SHOW THE VESTIGE 
OP THE LEPT SUPERIOR VENA CAVA IN SITU. (This 

figuro is planned after one of Marshall's.) 

a, right auricle ; 6, left auricle and pulmonary veins ; 
c, the conus arteriosus of the right ventricle ; d, the left 
ventricle ; «, descending aorta ; + , vestigial fold of the 
pericardium ; /, arch of the aorta, with a part of the 
pericardium remaining above ; ^, main pulmonary artery 
and ductus arteriosus ; ^, left pulmonary artery ; 1,1', 
right and left internal jugular veins ; 2, 2', subclavian 
veins ; 3, 3', right innominate and superior vena cava ; 
4, left innominate ; 5, 5', remains of the left superior 
cava and duct of Cuvier, passing at + in the vestigial 
fold of the pericardium, joining the coronary sinus, 6, 
below, and receiving above the superior intercostal vein, 
- ' -^^ 7 ; 7', 7', the upper and lower intercostal vein. 

of the serous membrane of the pericardium, the vestigial fold of Marshall, to whom 
is due the firet full elucidation of the nature and relations of the left primitive vena 
cava superior. 

The left duct of Cuvier has been observed persistent as a small vessel in the 
adult. Less frequently a right and a left innominate vein open separately into the 
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right auricle, an arrangement which is also met with in birds and in certain 
mammals, and which results from the vessels of the left side being developed 
similarly to those of the right, while the cross branch remains small or absent. 

A case is recorded by Gruber in which the left vena azygos opened into the 
coronary sinus, and was met by a small vein descending from the union of the 
subclavian and jugular. Here, then, the jugular veins had been developed in the 
usual manner, while the left vena azygos continued to pour its blood into the duct 
of Cuvier. 



FXOnijIABITiaB OF TEX FGBTAIi OBQANB OF OXBOXTLATION. 

It may be useful here to recapitulate shortly the peculiarities of structure 
existing in the advanced stage of the formation of the foetal organs of circulation. 

Fig. 188.— DlAGBAWCATIO OUTLINE OP THV 
ORGANS OF CIRCULATION IN THB FOETUS 

OF SIX MONTHS. (Allen Thomson.) 

EA, right auricle of the heart ; RV, right 
ventricle ; LA, left auricle ; Ev, Eustachian 
valve ; LV., left ventricle ; L, liver ; K, left 
kidney ; I, portion of small intestine ; a, 
arch of the aorta ; a\ its dorsal part ; cC^ 
lower end ; vc«, superior vena cava ; rci, in- 
ferior vena where it joins the right auricle ; 
vci\ its lower end ; <, subclavian vessels ; 
J, right jugular vein; 0, common carotid 
arteries ; four curved dotted arrow lines are 
carried through the aortic and pulmonary 
opening, and the auriculo- ventricular ori6ces ; 
da^ opposite to the one passing through the 
pulmonary artery, marks the place of the 
ductus arteriosus ; a similar arrow line is 
shown passing from the vena cava inferior 
through the fossa ovalis of the right auricle, 
and the foramen ovale into the left auricle ; 
Ai7, the hepatic veins ; vp^ vena portsB ; x to 
m, the ductus venosus ; w, the umbUical 
vein ; tea, umbilical arteries ; itc, umbilical 
cord cut liLort ; i i\ iliac vessels. 

with reference to their influence in 
determining the course of the blood 
during intra-uterine life, and the 
changes which occur in them upon 
the establishment of pulmonary re- 
spiration at birth. 

The foramen ovale retains the 
form of a free oval opening in the 
septum atriorum up to the fourth 
month, but in the course of that 
month and the next the growth of 
the valvular plate which fills up the 
floor of the fossa ovalis, becomes 
complete, so that in the last three 
and a half months the blood can 
only pass from the right into the left 
auricle, not in a contrary direction. 

The Eustachian valve constitutes a crescentic fold of the lining structure of 
the heart, which is so situated as to direct the blood entering the auricle by the 
inferior cava towards the opening of the foramen ovale. 




L6t COUBSE OF THB BI^OQd IN THE FGBTUS. 

The duetiis urtoriosiui estobliBheB a oommmiioation between the main 
pnhnonaiy arteiy and the aorta^ bj which the blood from the right ventricle is 
carried mainly into the dorsal aorta^ 

The two large bypogaatrio or umbilical arteries, prolonged from the iliac 
arteries^ passing out of the body of the foetus, proceed along the umbilical cord, 
to be distributed in the foetal portion of the placenta. From the placenta the blood 
is returned by the umbilical vein, which, after entering the abdomen, communi- 
cates by one branch with the portal vein, and is continued by another, named 
ductus VM08U8, into one of the hepatic veins, through which it joins the main stem 
of the vena cava inferior. 

Course of the blood in the fostns. — ^The right auricle of the foetal heart 
receives blood from the two vena cavss and the coronary sinus. The blood brought 
by the superior cava is simply the venous blood returned from the head and upper 
half of the body ; whilst the inferior cava, which is considerably larger than the 
superior, conveys not only the blood from the lower half of the body, but also that 
which is returned from the placenta and the liver. This latter stream of blood 
reaches the vena cava inferior, partly by a direct passage — ^the ductus venosus — and 
partly by the hepatic veins, which bring to the vena cava inferior all the blood 
circulating through the Uver, whether derived from the supply of placental blood 
entering that organ by the umbiUcal vein, or proceeding from the vena port® or 
hepatic arteiy. 

The blood of the superior vena cava is believed to pass through the right auricle 
into the right ventricle, whence it is propelled into the trunk of the pulmonary 
artery. A small part is distributed through the branches of that vessel to the lungs, 
and returns by tiie pulmonaiy veins to the left auricle ; but, as these vessels remain 
small up to the time of birth, by &r the larger part passes through the ductus 
arteriosus into the descending aorta, and is thence distributed in part to the lower 
half of the body and the viscera, and in part along the umbilical arteries to the 
placenta. From these several organs it is returned by the vena cava inferior, the 
vena port», and the umbilical vein ; and, as already noticed, reaches the right 
auricle through the trunk of the inferior cava. 

Of the blood entering the heart by the inferior vena cava, it is supposed that 
only a small part is mingled with that of the superior cava, so as to pass into the 
right ventricle ; by far the larger portion is thought to be directed by the 
Eustachian valve through the foramen ovale into the left auride, and thence, 
together with the small quantity of blood returned from the lungs by the 
pulmonary veins, to pass into the left ventricle, whence it is sent into the arch 
of the aorta, to be distributed almost entirely to the head and upper limbs. 

Sabatier was the first to call attention particularly to the action of the Eusta- 
chian valve in separating the currents of blood entering the right auricle by the 
superior and inferior venae cavse. This separation, as well as that occurring 
between the currents passing through the aortic arch and the ductus arteriosus 
into the descending aorta, was illustrated experimentally by John Eeid. A striking 
confirmation of the extent to which the last mentioned division of the two currents 
of the foetal blood may take place, without disturbance of the circulation up to the 
time of birth, is afforded by the examples of malformation in which a complete ob- 
literation has existed in the aortic trunk immediately before the place of the union 
of the ductus arteriosus with the posterior part of the aortic arch. 

In earlier stages of development than those above described, it is certain that 
there is little or no separation of the two kinds of blood, for both the umbilical 
veins from the placenta and the veins from the yolk sac and body generally, 
pour their blood together into the sinus venosus, and the mixed blood is then 
forced through a single somewhat narrowed orifice (porta vsstibuU of His) into the 
auricle. 
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OSASQMB IN THll OZBOUIiATXON AT BIBTB. 

The changes which occur in the organs of circulation and respiration at birth, 
and which lead to the establishment of their permanent condition, are more 
immediately determined bj the inflation of the lungs with air in the first 
respiration^ the accompanying rapid dilatation of the pulmonary blood-vessels 
witii a greater quantity of blood, and the interruption to the passage of blood 
through the placental circulation. These changes are speedily followed by 
shrinking and obliteration of the ductus arteriosus, and of the hypogastric arteries 
from the iliac trunk to the place of their issue from the body by the umbilical 
cord ; by the cessation of the passage of blood through the foramen ovale, and 
somewhat later by the closure of that foramen, and by the obliteration of the 
umbilical vein as far as its entrance into the liver, and of the ductus venosus behind 
that organ. 

The process of obliteration of the arteries appears to depend at first mainly on 
the contraction of their coats, but this is very soon followed by a considerable 
thickening of their substance, reducing rapidly their internal passage to a narrow 
tube, and leading in a short time to final closure, even although the vessel may not 
present externally any considerable diminution of its diameter. It commences at 
birth, and is perceptible after a few respirations have occurred. It makes rapid 
progress in the first and second days, and by the third or fourth day the passage 
through the umbilical arteries is usually completely interrupted. The ductus 
arteriosus is rarely found open after the eighth or tenth day, and by three weeks 
it has in almost all instances become completely impervious. 

The process of closure in the veins is slower ; but they remain empty of blood 
and collapsed, and by the sixth or seventh day are generally closed. 

Although blood ceases at once to pass through the foramen ovale from the 
moment of birth, or as soon as the left auricle becomes filled with the blood 
returning from the lungs, imd the pressure within the two auricles tends to be 
more equalised during their diastole, yet the actual closure of the foramen is more 
tardy than any of the other changes now referred to. It is gradually effected by 
the union of the forepart of the valve of the fossa ovalis with the margin of the 
limbus of Yieussens on the left side ; but the crescentic margin is generally perceptible 
in the left auricle as a free border beyond the place of union, and not unfirequently 
the union remains incomplete, so that a probe may be passed through the reduced 
aperture. In many cases a wider aperture remains for more or less of the first year 
of infancy, and in certain instances there is such a failure of the union of the valve 
as to allow of the continued passage of venous blood, especially when the circulation 
is disturbed by over-exertion, from the right to the left auricle, as occurs in the 
malformation attending the morbus coeruleus. 



THB IiTliPHATIO BYBTBIC 

Tha derelopment of the lympliatio system has been studied in the chick bj Bndge. Here 
there exist a network of lymphatics agreeing in their general distribntion with the blood- 
Tcssels in the yasoular area. This is the first lymphatic circulation ; a second one is formed 
later, corresponding with the allantoic circnlation. The lymphatics of both systems commnni- 
cate with the coelom, bnt only thoee of the second circnlation commnnicate with reins. The 
lymphatics lie in the vascnlar area above and close to the blood-ressels, but axe separated 
near the embryo by a layer of mesoblast continaons with the splanchnoplenre. 

The method of derelopment of lymphatic vessels and lymphatic glands, is dealt with in 
the chapter on Histology. 
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DEVELOPMENT OF THE 8EBOIT8 CAVITIES AND OF THE 
MUSCIiES AND SKEIiETON. 

The Barons oavities — ^peritoneum, pleurae, pericardium — are derived from the 
original split or cleavage of the mesoblast, which constitutes the coelom or general 
body cavitj (pleuro-peritoneal cavity of older authors). This clefk is formed in the 
head as well as in the trunk, and when the heart is formed as a double tube, each 
half is enclosed within a portion of that cavity, which later on, when the body walls 
bend round and meet to enclose the fore-gut, comes, like the heart itself, to occupy a 
position on the ventral aspect of the alimentary tube. The part of the coelom which 
thus contains the heart is not for some time entirely distinct, but communicates 
dorsally by two comparatively narrow channels with the anterior part of the general 
body cavity, here separated into lateral halves, which ultimately become the pleura?,^ 
by the alimentary canal. Subsequently these communications become obliterated, 
and the heart-coelom separated as a distinct cavity (pericardial cavity). Below, 
where the great veins enter the heart, they pass into a mass of mesoblastic tissue^ 
which is connected with the anterior body wall (where it receives the umbilical 
and vitelline veins), and also with the lateral wall (where it receives the ducts of 
Cuvier), and which, as the heart bends, so that the venous end passes behind the 
ventricle and bulb, is carried along with the veins up behind that organ, and thus 
forms an obliquely placed thick septum, at first incomplete, but subsequently becoming 
entirely closed, which separates the heart within the pericardial part of the body 
cavity in front and above from the stomach and alimentary canal within the peri- 
toneal part of that cavity behind and below. The thick septum, besides containing 
the saccus reuniens and the portions of the great veins (vitelline, umbilical, ducts of 
Cuvier) which open into that cavity, also contains the rudiments of a part of the 
diaphragm and the mesoblastic part of the liver, into which the hypoblastic part 
grows from the adjacent duodenum ; it has been termed by His the transverse septum 
(see figs. 177, 178). As development proceeds, the septum becomes gradually diffe- 
I'entiated into its several parts. The great veins become still further shifted behind 
the heart, and the saccus reuniens becomes incorporated with that organ. The 
liver, which is at first contained entirely within the septum, becomes split off from 
its upper layer, which now forms the thin portion of the diaphragm, while the cavity 
of the peritoneum extends from either side, and separates them from one another, 
except along the attachment of the broad ligaments. 

The diaphragm is completed by a growth of mesoblast which occurs on each 
side, and cuts off the anterio-dorsal portions of the body-cavity into which 
the lungs are invaginated (recessus pulmonales) from the posterior or peritoneal 
part. 

The serous membranes are formed by differentiation of the lining mesoblast of 
the coelom. 

The formation of the omenta, and the changes which the mesenteric folds of 
peritoneum undergo, have been already mentioned in connection with the develop- 
ment of the abdominal viscera. 

DeTelopiiient of the mnBcleB. — The muscles of the trunk are formed from 
the protovertebrss. These are at first, as previously described, separate masses of 
mesoblast, the cells of which have at the periphery of the mass a tendency to a 
radial disposition (fig. 189, A), whilst toward the centre they are loosely arranged, 

1 The manner in which the plenne are invaginated by the growing lungs has already been aUnded to 
(p. 110). 
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and may even leave a more or less distinct space unoccupied by cells (protovertebral 
cavity). This cavity has occasionally been noticed (Lockwood, Bonnet) to be 
continuous laterally with the mesoblastic (coelomic) cleavage (fig. 189, B ; see also 




Fig. 189. — Two SECTIONS op a shkep 
EMBRYO. (Bonnet.) 

A, shows the cavity within the proto- 
vertebrsB. In B, the protovertebiu on 
the loft side of the section is united with 
the lateral mesobUist ; on the right side its 
caTityalso is continuous with the coetomic 
cleft in that mesoblast. am, amnion ; 
n.c, neural canal ; p.v, protovertebra ; 
aOf aorta ; p.p, pleuro-peritoneal space 
(coelom). 



fig. 139, p. 117), and it 



IS 

probably the morphological equi- 
valent of the coelom in this part 
of the mesoblast. "Wliether there 
be originally a cavity or not in it, 
the protovertebra presently be- 
comes filled up with cells and 
then forms a &irly compact mass 
of cells which are mostly irregu- 
larly arranged, but externally 
(next to the cutaneous epiblajst) 
become regularly disposed into 
an epithelium-like plate of co- 
lumnar cells. This is known as 
the muscle plate, and when the 
inner part of the protovertebra becomes broken up as a distinct mass and joins 
with the neighbouring protovertebne to form the membranous vertebral colunm 
(s6e below), the muscle plates still remain distinct : in them therefore the original 

Fig. 190. — Transversb section 

OF THE TRUNK OF A CAT EM BETO, 
SHOWING MUSCLE PLATES. 

(E. A. S.) 

m.p,t muscle plate ; oo, aorta ; 
m.g.y mid-gut; am, amnion; to, 
vesicle of WolflSan body; w.d, 
Wolffian duct 

mesoblastic segmentation 
continues to be exhibited. 
They do not long remain 
as a single epithelium-like 
layer, for the extremities 
of this layer fold sharply 
round and become continu- 
ous with a cell-stratum, 
which immediately lines the interna, surface of the columnar layer and forms an 
inner muscle-plate (fig. 190). It is uncertain whether the cells of this inner muscle- 
plate are derived from part of the columnar layer which has folded over, or whether 
they spring from other cells of the protovertebra. Soon after their appearance as a 
distinct layer of the muscle-plate they begin to elongate in the sagittal (antero- 
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poBterior) direction (fig. 191, t.m.), and it may presently be observed that they arc 
becoming developed into longitudinal groups or segments of muscle-fibres which 
stretch between the original intervals between the protovertebrae. The destination 
of the outer layer of the muscle-plate has not been traced with certainty. Balfour 

Fig. 191. — Horizontal longitudinal 

SECTION OP THREE PROTOVBRTE- 
BE^ IN A SNAKE ElIBRTO. 

(v. Ebner.) 

€py cataneous epiblast ; e, m, exter- 
nal layer of muscle-plate ; /, its mar- 
gins folded round into t.m, internal 
layer of muscle-plate composed of 
flattened cells which are becoming 
elongated into muscular fibres ; n.c^ 
neural canal, in outline only ; n'.c\ 

neural cpiblast forming its walls. 

Between these and the muscle-pUtte — —^ "^ 

is a continuous mcsoblastie tissue 

which has been derived from the inner parts of the protovertebne, partly interrupted by the ganglion 

judiments, gl. The original intervals between the proto vertebrae here are still indicated by vessels, v, 

i,clj cleft in the deeper protovertebral tissue (according to Ebner this is the remains of the original 

protovertebral cavity). 





described it as also eventually becoming transformed into muscle-fibres (in elasmo- 
branchs), but others have foiled to confirm this opinion, and it is by some believed 
that it may assist in the formation of the cutis vera. 

Although the muscle-plates are originally mainly concerned with the formation 
of the muscles which move the central skeletal axis, it is probable that all the 
skeletal muscles both of the trunk and limbs are eventually derived from them (see 
below, p. 163). 

Formation of the muacles of the head and evidences of head segrmentation. — 
Although perhaps no part of the cranium actually represents a vertebra, there is nevertheless 
abundant evidence of an original segmentation of the head corresponding with the mcsoblastie 
somites of the trunk. Such segmentation is shown by the existence of the visceral arches, 
which in the typical and least modified vertebrates {e.g., elasmobranchs) are at least nine 
ia number, by the successive separation of the part of the body cavity which extends into 
the head into separate portions, or head cavities, one corresponding to each visceral arch, the 
parietes of which develop into muscles, and which therefore correspond with the muscle- 
plates of the proto vertebrae of the trunk (this is in fact the typical mode of formation of 
mesoblastic somites, r. page 26), and lastly by the mode of development of the cranial 
nerves and their relations to the visceral and branchial arches, which correspond in a general 
way with the relations of the ventral branches of the spinal nerves to the ribs. 

The formation and destination of the head cavities have been investi^rated of late years 
(chiefly in elasmobranchs, but al^o in reptiles and birds) by Balfour, Milnes Marshall, and 
van Wijhe, and the result of these investigations tends to show that, in all, nine portions of 
the original head cavity become separated off on either side, their formation proceeding from 
behind forwards. Each somite cavity becomes subsequently divided into a dorsal part corre- 
sponding with the protovertebrse of the trunk and a ventral part, corresponding with the 
pleuroperitoneal cavity, and lying in the middle of the corresponding viscanil arch (')• Both 
parts give rise by differentiation of their parietes to muscles ; the visceral arch portions to 
the muscles of the jaw and hyoidean and branchial apparatus ; the dorsal portions, some (first, 
second, and third) to the muscles which move the eyes, some (seventh, eighth, and ninth) to 
the muscles which connect the head with the shoulder girdle, whilst some, viz., the fourth, 
fifth, and sixth, are said to disappear. The first head cavity forms the eye muscles, which arc 
supplied by the third nerve ; the second, the muscle supplied by the fourth (superior oblique) ; 
and the third, the muscle supplied by the sixth (external rectus). In higher vertebrates, the 
formation of the head cavities and their subsequent destination have not been as yet clearly 
followed out, although indications of their existence are not wanting. 



^ According to v. Wijhe the intermediate part of the typical somite cavity represents a segmental 
(uriniferous) organ, but this intermediate part is not seen in the head, although it begins to appear in 
che immediately succeeding somites. 
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Development of the vertebral colnmn.— The vertebral column is developed 
around the notochord, except at the anterior end of that structure, which is imbedded 
in the basis cranii. It is formed from protovertebral mesoblast. The outer part of 
each protovertebra is transformed into a muscle-plate, and thus the ori^nal meso- 
blastic segmentation is maintained. The inner parts of the protovertebrae do not, 
however, remain distinct, but blend with one another on each side of the neural 
canal to form a longitudinal mass, which extends to the side of and subsequently 
encloses the notochord, and finally sends dorsal prolongations over the neural canal, 
so that this also receives a continuous mesoblastic investment, forming the rrumhrana 
reumens sxtperior of Remak. The investment is only incomplete opposite the points 
where the nerve roots are connected with the spinal cord, and in it there is no sign 
of any differentiation into vertebrae. It is continuous with a similar investment 
within the cranium, which extends in front of the notochord into the fronto-nasaJ 
process. The mass of mesoblast, which thus encloses the notochord and neural 
canal, is often spoken of as the membranous vertebral column and cranium, but it 
represents much more than the cartilaginous and bony structures of those parts, all 
the investing membranes of the cord and brain and the ligaments of the vertebrae 
being also derived from it. From it septa pass between the muscle-plates and serve 
to give attachment to the developing muscle-fibres. 

The first appearance of the permanent vertebrae is in the form of cartilage, which 
becomes formed in this mesoblastic investment on either side of the neural canal, 
nearly opposite the inter\'al between each two muscle-plates, to form the neural 
arch. This part of the vertebra therefore alternates with the original mesoblastic 
somites as represented by the muscle-plates. 

According to Froriep, the lateral halves of each cartilaginous neural arch become 
united below the notochord before the appearance of the rudiments of the cartilagi- 
nous bodies, and the latter appear as median accumulations of cartilage, immediately 
posterior to the hypochordal part of the cartilaginous arch. In most of the vertebrae 
this hypochordal part of the arch soon disappears as a distinct structure, but in the 
atlas vertebra the primitive condition is maintained. 

The serial arrangement of the musculature represents phylogenetically the original 
segmentation of the vertebrate body. The segmentation of the vertebral column, 
on the other hand, has been arrived at later, and has been carried out in depen- 
dence upon the muscular segmentation.^ 

The cartilage makes its appearance on the fourth day in the chick, on the 
eleventh or twelfth day in the rabbit, and in the fourth or fifth week in man 
(K6lliker). It is completed by the sixth or seventh week, soon after which ossifica- 
tion commences. To form the intervertebral discs, the mesoblast between the 
bodies of the vertebrae acquires a fibro-cartilaginous character, while at the same 
time the notochord, which gradually elsewhere becomes reduced in size and eventu- 
ally disappears, here undergoes enlargement, and its cells form an irregular network 
in the central intervertebral pulp. Its remains are found at all periods of life in 
the middle of the discs (Luschka). 

In the osseous fishes there is an intervertebral dilatation of the notochord, the grrowth of 
which proceeds to such a considerable extent as to give rise to a mass of soft gelatinous 
substance, which occupies the conical hollows of the biconcave vertebral bodies. But in 
birds, reptiles, and amphibia, where synovial articulations are developed between the vertebral 
bodies, the notochord soon disappears from the intervertebral spaces, although its remains are 
seen for some time in the bodies themselves (Gegenbaur). 

In mammals, the notochord is constricted within the cartilaginous vertebral body, but 
dilated in the intermediate parts of this rod, the whole cord being monilif orm. At a somewhat 
later period smaU dilatations are also to be seen in the epiphysial cartilages (fig. 193). 

* A. Froriep, " Zar EntwicU. der Wirbelsiiule, &c.,'* Archiv f. Anatomic, 1883 and 1886. 
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Sibfl and Sternnm. — The ribs are formed by separate cartilaginous transfor- 
mation in extensions of the protovertebral mesoblast between the muscle-plates. 
According to some, they grow out from the cartilaginous vertebrae, but become sepamte 
before ossification begins. Similar deposits are formed in connexion with the other 
vertebrae (except the coccygeal in man), but they here become united by ossification 
with and form parts of the vertebra (see Osteology, Vol. II.). At their ventral 
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Fig. 192. — Sections op the vertebral column of a human pietus op eight weeks. 

(From Kbiliker.) 

A, transverse longitiidiaal section of several vertebrae. 1, 1, chorda doi'salis, its remains thicker 
opposite the intervertebral discs ; 2, is placed on one of the bodies of the permanent vertebrte ; 3, on 
one of the intervertebral discs. 

B, transverse horizontal section through a part of one dorsal vertebra. 1, remains of the chorda 
dorsalis in the middle of the body ; 2, arch of the venebra ; 3, head of a rib. 

Fig. 193. — Sagittal section op a dorsal intervertebral ligament op an advanced 
SHEEP s embryo. (KoiUker.) 

La, l.pf anterior and posterior ligaments ; ^.i', intervertebral ligament ; X% jf , cartilaginous ends of 
two vertebral bo«Ues, w, v/ : c, enlargement of notochord in the ligament ; c', c", enlargements in the 
cai-tilaginous ends of the vertebrae. 

extremities the first seven (thoracic) cartilaginous ribs become united on either side 
into a longitudinal cartilaginous plate, and this afterwards joins its fellcw of the 
opposite side to form the sternum (manubrium and body). The xiphoid is of later 
formation (Parker). This mode of development of the sternum explains many of 
the malformations in the shape of fissures of the sternum of different gradation 
which have been observed. 

The Limbs. — The limbs arise as outgrowths from the lateral part of the 
trunk in the thoracic and pelvic regions in the third day in the chick and in the 
third and fourth week in the human embryo. They appear as flatteoed semilunar 
thickenings of the parietal mesoblast covered by epi blast, budding out from a lateral 
ridge which is seen in the early embryo near the line of cleavage of the mesoblast 
and close to the outer margins of the muscle-plates, and several of which subsequently 
send prolongations into each lunb (^) ; they are therefore connected with several 
mesoblastic somites, as is also indicated by their nerve supply. 

1 This is the case in elasDobranchs (see fig. 194, from Balfour), but, according to Patersoiii 



^^:^ 



164f 



THE LIMBS. 



Each limb consists of a part which is sunk in the substance of the lateral ridge, 
and in which the thoracic or pelvic girdle becomes developed, and of a free or 
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Fig. 194. —Transverse section through an anterior part of the trunk op an embryo of 

ScY'LLiUM. (Balfour, j 

gp.Cf spinal cord; ttf,% ganglion of posterior root; avy anterior root; dn, dorsal ; <p.n, ventral 
branch of siiinal nerve ; m/), muscle plate ; mp\ part of muscle plate already converted into muscle ; 
mp.l, part of muscle plate extending into the limb ; rU, nervus lateralis ; ao, aorta ; ch, notocbord ; 
ly.y, sympathetic ganglion ; ca.v, cardinal vein ; sdy segmental duct ; 8t, segmental tube ; du, duode- 
num ; hp. d, junction of hepatic duct with it ; pan, rudiment of pancreas connected with another part 
of duodenum ; uniCf opening of umbilical canal (vitelline duct). 



projecting part (fig. 195). This is at first quite simple, and represents the distal 
segment of the limb (hand or foot). The other two segments (forearm and leg ; 
arm and thigh) are successively marked off between it and the girdle by the 
development of transverse furrows representing the joints (fifth and sixth week). 
At about the same time four notches appear in the flattened distal extremity, 
marking off the intervals between the fingers and toes, and the middle segment 
(fore-arm or leg) begins to be flexed upon the proximal (arm or thigh), the 

the Umbs do not receive such prolongations from the muscle-plates in birds and mammals ; the muscles 
develop in situ from previously indifferent mesoblast* 
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concavity looking forwards in the upper limb and backwards in the lower limb. 
The limbs also come to be folded ventrally against the body of the embryo. 

From the manner in which the flattened limb-bud grows out from the lateral 
ridge, it is obvious that its surfaces must at first be dorsal and ventral. The 
dorsal surface afterwards becomes extensor and the ventral flexor. The anterior 
edge is respectively the radial and tibial ; the posterior, the ulnar and fibular. As 

Fig. 195. — Outlines of the anterior extremities 

OF HU]£AN EMBRTOES AT DIFFERENT AQES. (AftCF 

His.) 

At at four veeks ; B, at five weeks ; C, at seyen weeks ; 
J), at nine or ten weeks. 

development proceeds, a half rotation occurs in 
opposite directions in the two limbs, resulting 
in the middle flexure (elbow, knee) beiog directed 
forwards in the upper, backwards in the lower 
limb. 

The bones of the limbs are laid down as 
cartilages which appear as separate differentia- 
tions of the more centrally placed mesoblast, 

a portion of mesoblast remaining for a time undifferentiated opposite eacu synovial 
articulation. Within this a cleft subsequently appears, and enlarges to form the 
synovial cavity, the mesoblast which bounds the cleft developing eventually into 
the synovial membrane and capsular ligaments of the joint. 

The cranixim. — In the head the notochord extends as far forwards as the 
mid-brain. Here also it is invested by a continuous mass of mesoblast, which sends 
lateral prolongations over the neural canal as in the trunk (membrana reuniens). 






Fig. 196. — DiAQRAMS OF THE CARTILAGINOUS CRANIUK. (Wiedeisheim.) 

A, First stage. 
CA, notochord ; TV, trabeculse cranii ; P.cA, parachordal cartilages ; P, situation of pituitary body ; 
Nf £, Oj situations of olfactory, visual and auditory oi:gans. 

B, Second stage. 
B, basilar cartilage (investing mass of Rathke) ; S, nasal septum and ethmoidal cartilage ; Eth, 
Eth'j prolongations of ethmoidal around olfactory organ, completing the nasal capsule ; 01, foramina 
for passage of olfactory nerve- fibres ; iV, E, 0, Ch, Tr, as before. 

The main difference in development between the cranium and vertebral column 
consists in the fact that no separate cartilaginous deposits to form vertebrae occur 
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within the head, nor can any parts be distinguished which strictly represent vertebree. 
The cartilage of the basis cranii makes its appearance in the form of two longitudinal 
bars lying on either side of the notochord ('parachordal cartilages)^ and of two other 
bars (trabecular aanii of Rathke) which embrace the pituitary body, and which 
becom3 united together in front and with the parachordals behind to form a con- 
tinuous mass, which posteriorly completely invests the notochord (fig. 196). The 
cartilaginous basis cranii may therefore be distinguished into the parachordal and 
prechordal parts. Of these the first represents the basi-occipital and basi-sphcnoid, 
the second the presphcnoid and ethmoid portions. From the basis cranii continuous 
cartilaginous plates grow on either side over the cerebral vesicles to a greater or 
less extent in different animals, least in mammals, where only the occipital region 
becomes thus roofed in by cartilage. Anteriorly the united trabecute cranii stretch 
foi-wards into the fronto-nasal process, where they form the ethmoid cartilage and 
nasal septum, besides enclosing the nasal pits externally (cartilaginous nasal capsule). 
From the sides of the presphenoid portion the orbito-sphenoids (lesser wings), 
containing the optic foramina, are developed, and from the sides of the basi-sphenoid, 




Fig. 197. — View from below of the cartilagijtous 

CRANIUM WITH ITS OSSIFIC CENTRES IN A HCMA5 

FCBTUS OF ABOUT FOUR MONTHS. (After Huxley.) 

The cartilage is dotted to distinguish it from the bone 
which is shaded with lines. 

b.o, basi-occipital : a.o, lateral occipitals ; /.nt, foramen 
magnum ; o.c^ o'.c't bony deposits in the periotic capsule ; 
p.8, post-sphenoid ; pr,8, pre-sphenoid ; o.«, orbito-spbe- 
noid ; «. ii, septum nasL 

the greater wings or alisphenoids. A cartilagi- 
nous capsule, connected with the parachordal 
portion of the basis cranii, invests the otic vesiclu 
^periotic capsule). Within this, bony centi'es arc 
eventually formed, which unite to form the 
petro-mastoid. In the human embryo, chondri- 
fication begins in the fourth or fifth week in 
the basilar portion of the skull, and is nearly completed by the eighth 
week. 

Formation of tlie visceral skeleton of the head : cartilaginons bars cf 
the visceral arches. — A cartilaginous bar extends from the periotic capsule and 
basis cranii, within each of the first three visceral arches, and passes forwards to 
meet its fellow in the middle line. The lar of the mandibular arch is known as 
Meckel's cartilage. It is visible in all sections of the foetal jaw up to the seventh 
month. Its proximal end is attached at first to the basis cranii, afterwards to the 
periotic capsule; its distal end joins that of its fellow in the middle line of the 
lower jaw. Only near this conjoined part does Meckel's cartilage take part in the 
formation of the lower jaw bone, the greater part of this bone being developed by 
ossification at several places in the connective tissue around the cartilage. In some 
animals a short cartilaginous bar is formed in the maxillary process {palato-pterygoid 
bar, fig. 198, A,ppg), Close to it the palatine and pterygoid bones are formed in 
membrane, but the bar itself entirely disappears. The second or hyoid bar arises 
from the skull close behind the attachment of Meckel's cartilage, and passes along 
the second arch. It disappears in part, but in part is converted into the styloid 
process, stylo-hyoid ligament, and lesser comu of the hyoid bone. The body of the 
hyoid bone (basi-hyal) is an intermediate formation between the second and third 
arches. The bar of the third arch is known as the thyro-hyoid. Its lower end forms 
the greater comu of the hyoid bone ; but its attachment to the skull early disap- 
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Fig. 198, A.— Elbmehts op the skull of an embeto piq, |-i2fOH loko, viewed prom below : 
SEViDiAQRAHMATic. (From BalfoQr after Parker.) 

pa.chf parachordals ; nc, notochord ; au, otic capsule ; py^ pitaitary ; tr, trabeculee ; ctr, comu 
of the trabecula ; jpn, prenasal cartilage; e.», external uares ; oZ, olfactory region ; p.^^, palato- 
ptexygoid bar enclosed in the maxillo-pterygoid process ; mn, mandibular bar ; A^, byoidean hsu : th.h, 
thyrohyoid bar ; 7a, aperture for facial nen-e ; 8a, for glossopharyngeal ; Sb, for vagus ; 9, for hypoglossal. 

Fig. 198, B. — Side view op the mandibular and htoid arches in an embryo pig op IJ inch 
IN length. (From Balfour, after Parker. ) 

tff, tongue ; mi, Meckel's cartilage ; mlf body of malleus ; mb, its manubrium or handle ; tty^ 
tegmen tympani ; t, incus ; ^, stapes ; i.h^y inter-hyal ligament ; st.h, stylo-hyal cartilage : h.h, 
hypohyal ; hk basibranchial ; th.h, rudiment of first branchial arch ; 7a, facial nerve. 
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Pig. 199.— PRBPiLRATioirs SHownro trbbb waoea op the 

CARTILAGINOUS BARS OP THE IST AND 2nd"r^E8^N 
THE EMBRYO OP THE SHEEP. (Salemiky:) 



pears, or in some animals may not 
be found afc all. This bar is in 
all cases of less importance than 
the first two, from the proximal 
parts of which important struc- 
tures connected in lower verte- 
brates with the suspensory appa- 
ratus of the lower jaw, in the 
higher vertebrates with the ap- 
paratus for sound transmission 
to the internal ear are developed. 
Formation of the auditory 
ossicles. — If the embryonic de- 
velopment of the bars is studied 
in man and other mammals, it is 
found that at a certain period of 
foetal life Meckel's cartilage is 
directly continuous with the car- 
tilaginous malleus, above which, 
and at first in direct continuity 
with it, is the cartilaginous incus 
(fig. 199) ; these two ossicles 
therefore appear as the enlarged 
and modified proximal end of 
Meckel's cartilage. Somewhat 
later the incus becomes detached 
from the malleus, but the latter 
long remains in continuity with 
Meckel's cartilage (fig. 200). 
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The most obvions interpretation of these appearances would seem to be that both the 
malleus and incus are developed from the cartilaginous bar of the first or mandibular arch. 
This view is not, however, universally held. For, as the several illustrations show, the second 
or hyoid bar is also connected to the developing incus, through which it is joined to the periotic 
capsule. Hence it has been inferred by some that the incus belongs to the hyoid bar, and not 
to the mandibular (A. Fraser). Others have looked upon it as representing a hyomandibular 
cartilage, like that which in Sauropsida forms a common suspensory apparatus for both 
mandibular and hyoidean apparatus (Huxley). This hyomandibula itself, however, may repro- 



Fig. 200. — Condition op Mbckkl's cab- 

TILAGB AND THK HTOID BAH IX THK 
HUMAN F(ETUS OF ABOUT 18 WEBKS. 

(Kolliker.) 

6, is an enlai^ed sketch by Allen 
Thomson, showing the relationship of 
the several parts better than in A. 

2, zygomatic arch ; ma, mastoid pro- 
cess ; miy portions of the lower jaw left 
in situ, the rest having been cat away ; 
Mf Meckel's cartilage of the right side, 
continued at «, the symphysis, into that 
of the left side J/', of which only a small 
part is shown ; T, tympanic ring ; m, 
malleus ; i, incus ; «, stapes ; sta, stape- 
dius ; 8tf styloid process ; p. A, g, stylo- 
phaiyngeus, stylohyoid, and styloglossus 
muscles ; stl, stylohyoid ligament attached 
to the lesser comu of the hyoid bone, Ay ; 
tk, thyroid cartilage. 

sent an upward prolongation of 
Mockers cartilage, and would then 
belong to the 1st visceral arch 
(Peters). Lastly, yet another solu- 
tion of the question has been offered, 
viz., that both incus and malleus are 
hyomandibular (Albrecht, Gadow). 

The last mentioned opinion is based 
nuiinly upon considerations of com- 
parative anatomy, which can hardly 
be left out of account in dealing* with 
the morphology of these structures. 
In lower Yertebrata the suspensory 
apparatus of the lower jaw comprises 
besides the hyomandibula. common 
to it and to the hyoid apparatus, a 
large bone, known as the quadrate, 
hy means of which, either directly or 
with the intercalation of an os arti- 
culare, the lower jaw is united with 
the basis cranii and periotic capsule. 
Reichert looked upon the incus as the 
homologfue of the quadrate, and the malleus as that of the os articulare ; and the same view 
was taken by Gegenbaur. Huxley, on the other hand, came to the conclusion that the 
homolo;rue of the quadrate bone of reptiles and birds is to be found in the malleus, and that 
the incus represents a portion of the hyomandibular bar, which, as above stated, is common to 
both first and second arches. Various other observers have concluded that the quadrate of 
lower vertebrates is represented in mammals by the zygomatic process of the squamosaL 
Gadow, however, looks upon it as represented by the tympanic ring of mammals. 

The stapes has been variously described as representing : 1 , a part of the hyoid arch 
(Reichei-t) ; 2, a part of the periotic capsule which has become detached (Parker) ; 3, in part 
or wholly, the hyomandibula of lower vertebrates (Gegenbaur, Huxley, Albrecht, Gadow); 
4, hyomandibula and detached periotic cartilage conjoined (Gradenifro) ; 5, as an independent 
circular deposit of cartilage around the stapedial artery * (Salensky, Fraser). It is at any rate 
closely connected with the hyoid bar., which forms from above down the tympano-hyal and 




^ This artery disappears in man, but is persistent in many mammals. 
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B^loid prooeases, the stylo-hyoid ligament and the lesser oomna of the hyoid bone (cerato- 
hyal). 

The remaining bones of the visoeral skeleton of the head, viz., the mazillaiy, malar, 
palatine, pterygoid, vomer, nasal, and lachrymal, are all formed in membrane. An aooonnt of 
their development is given in the Osteology (Vol. II.}. 
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arch of, 148, 150 
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descending permanent, 150 
Aortic arches. See Arterial Arches 
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segmentation of, 16 
I Auditory pit, 89 
vesicle, 89 
nerve, 78, 89, 93 
' ossicles, 167, 168 

I Auricular canal, 142 
< Axis, primitive skeletal, 2 



Baer, vok, zona pellucida of, 6 

on bilamination of middle layer' of blas- 
toderm, 23 
Balfour, F. M., on amnion and allantois, 45, n. 

blastodermic layers, nomenclature of, 23 

coelom, typical development of, 24 

head cavities, 161 

limbs, 163 n. 

lens-capsule, 87 
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Balfour, F. M. — contimieiL 

MUllerian duct, 122, 123 

muscle plate, outer, 161 

nerves, epiblastic, origin of, 57 
spinal, anterior tooIb of, 74 

neural crest, 73 

cesophagus, obliteration of lumen of, 104, n. 

ova, formation of, 124 

parablast, 27, u. 

primitive groove, 23 

polar globules, theory of, 14 

supra- renals, 122 

sympathetic system, 81 

Wolffian body) 115, n. 
duct, 118 

vitelline membrane, 8 
Bars, cartilaginous, of mandibular arch, 166, 168 

palato-pterygoid, 166 

hyoid, 166, 168 

thyro-hyoid, 166 
Bartholin, glands of, 128 
Basal layer of placental decidua, 51 

attachment of villi to, 52 
Basis cranii, 166 
Bat, placental sinuses in, 52 
Baucnstiel (abdominal stalk), 46 
Beard on branchial sense-oigans, 76 
Beneden, v., vitelline membrane, 8 

formation of polar globules, 9 

entrance of spermatozoon in Ascaris, 1 1 

division of nucleus in Ascaris, 12, 16 

blastodennic layers, 18 

blastopore, theory of, 23 

pro-amnion of, 35 
Bile ducts, 112 

Birdsell on sympathetic nerves, 81 
Bischoff on inversion of blastodermic layers, 23 
Bladder, urinary, 122 

Blastoderm ($Ka<rr6sf a bud, 8f>f«a, skin), for- 
mation of, 17, 18 

three layers of, 17 

gastrula condition of, 21 
stage typical, 22 

bilaminar, 21 

layers, inversion of, 23 

historically considered, 23, 24 

characters of layers of, 24 

table of development from layers of, 25 

four layers of, 26 

separation of embryo from, 34 
Blastodermic vesicle, definition of, 17 

growth in the cat of, 18 

invagination of, 22, 23, 24 

as yolk-sac, 35 

first attachment of to uterus, 53 
Blastopore {fi\€urr6s, a bud, ir6pos, a passage), 
discussion of in meroblastic ova, 22, 23 

diverticula, near to in Sagitta, 26 

connection of anus with, 108 
Blochmann on extrusion of one polar globule by 

partlienogenetic ova, 14 
Blood, origin from parablastic cells, 21, 25 

corpuscles, 40 
Blood islands of Pander, 39 
Blood vessels, formation of, 40 
Body, segmentation of, 2 
Body-cavity. See Coblom 
Bonnet on middle blastodennic layer, 21 

on connection of notochord with buccal epi- 
blast, 68 
protovertebral cavity, 160 
Born on the lachrymal canal, 89 



Bom — contintud. 

cephalic clefts, 102, n. 

thyroid, iii 

septum spurium, 141, n. 

auricular canal, 142^ 144 

ventricular septum, 142, n. 

foramen ovale, valve of, 144 

pulmonary veins, 144 
Boveri on polar globules in Ascaris, 9 
Bowman, anterior and posterior homogeneous 

lamells of, 88 
Brain, development of, 61 

flexures of^ 63 

fissures and convolutions of, 71 
Branchial sense-oi^ns of Beard, 76 
Bronchi, 109 
Brown, H. U., on extrusion of part of nucleus 

of seminal cell, 12 
Budge on lymphatic system, 157 



Cjecum (blind), 107 

Calamus scriptorius (writing pen), 62 

Callender on 4th visceral arch, 103 

Canalis re-uniens, 91 

Capsule of lens, 87 

whence derived, 87 
Capsule, cartilaginous nasal, 166 

periotic, 166 
Camoy on polar globules in Ascaris, 9 
Cat, blastodermic vesicle of, 18 
Cauda equina, 60 

Centra (xcvrpor, a point), of vertebrae. 2 
Centrolecithal (iclirrpor, centre, XiiKvOos, oil- 

bottle), ova in arthropods, 8 
Cerebellar peduncles, 66 
Cerebellum, 62 

formation of, 66 

amygdalte of, 66 
Cerebral vesicles, 37 

table of development from, 61 

fifth, or bulbar, 63 

fourth or cerebellar, 66 

third, mid-brain, 67 
second, 67 
first, 68 
Chick, pro-amnioB in, 34 

rudiments of cranial nerve ganglia in, 75 
Choana) {x^*^os, a pit for melting metal in), 97, 
I 100 

I Chorda dorsalis, 32. See Notochord. 
Chorda tympani, 79 
Chordae tendinese, 142 
Chorion (x^piop, skin), definition, 42 and n. 

junction of ollantois with, 44, 46 
Choroid coat, 87, 88 
Choroid plexuses, 62, 67, 70 
Choroidal fissure, 85 
Chromatin, filaments of, 12, 16 
Chromosomes {xp^h^t colour, trw/uo, body), 12 
Ciliary body, 8S 
Circulation, foetal peculiarities of, 155 

course of, 156 

changes of at birth, 157 
Cloaca, 108, 122, 123, 127 
Cochlea (jcoxA^oy, a snail with a spiral shell), 
canal of, 90 

{pin^lion of, 78 

in birds, 92 

modiolus of, 93 

bone of, 93 

spiral lamina of, 93 
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Ccelenterates (icoIXor, hollow, ivr%pov, intestine), 

23 
Coelom (iroiXof, hollow), layers of, 2, 23 

typical origin from invagination, 24, 26 

formation of, 36, 99 

connection of mesoblastic somites with, 37, 

160 
formation of pleurae from, 1 10 
of pericardmm from, 135 1 
serous cavities from, 159 
Ccelom -invaginations, 22 
connection of, with notochordal invagina- 
tion, 34 
Coloboma iridis {Ko\6Bc»fk%^ a part taken away 

in mutilation), 85 
C-olumns of cord, anterior white, iirst rudiment 

of, 59 

]>08terior white, 59, 75, 78, n. 

structure of, 60 
Commissure, anterior of cord, 60 

grey, 67 

posterior, 67 
Commissures of cerebral hemispheres, 71 
Congenital fissures of ueck, 103 
Connective tissue, origin from parablastic cells, 

21, 25 
Cornea (horny), substantia propria of, 87 

epithelium of, 87 
Cornu (horn), anterior, first rudiment of, 59 
Comu Ammonis(from resemblance to the horns 

of the statue of Zeus-Ammon), 72 
Corpora quadrigemina (four-fold bodies), 62, 67 

striata, 62, 69, 73 
Corpus albicans (white body), 71 
Corpus callosum (the thick body), 71 

))eduncle of, 79 
Corti, rods of, 93 

Coste, discovery of germinal vesicle by, 8, n. 
Cotyle<lons of placenta (icoriiAi;, anything hollow), 

Cowper, glands of, 128 

Craniata, 27 

Cranium, 165 

Crura cerebri {erm^ leg), 62 

Crusta (crust or rind), 67 

Cryptorchismus (KpOirr6s, hidden, fyx^ti testicle), 

127 
Cimningham, D. F., on sulci of brain, 72, n. 
Cutis vera, formation of from outer muscle plate, 

161 
Cuvier, ducts of, 138, 139, 141, 151, 152, 153 

vestiges of, 154 
Cyclostoniata {ic^Aof, a circle, o'r<Jfia, mouth), 

parablastic elements in blastoderm of, 27 
heart in, 136 
Cystic duct (K^crrif, the bladder), 112 



Decidna {decidere^ to fall off)) 44 
structure of, 46 
reflexa, 46 
serotiua, 46 
vera, 46 

function of glands of, 47 
thickness of vera, 48 
stratum spongiosum of, 49 
stratum compactum of, 49 
atrophy of glauds of, 49 
placental, 51 
giaut cells in serotina, 54 
separation of at birth, 55 



Decidual cells of Friedlander, 49 
Definition of anatomical terms, 4, 5 

mesial, 

lateral, 

frontal, 

sagittal {sagiUa, an arrow), 

coronal (coronUf a crown), 

dorsal {dorsum, a back), 

ventral (rcn/er, belly), 

neural (FcGpoy, a cord), 

visceral, 

cephalic (kc^oA^, head), 

caudal {eauda, tail), 

axial, 
Deiters, sustentacular cells of, 93 
Delamination, process of in blastoderm, 21 

non-occurrence in invertebrata, 22 

Lankester on, 24 
Descemet, membrane of, 88 
Descriptive terms, 4 
Deutoplasm, 7, 8 
Diaphragm (8ic(, through, ^pdyfut, a fence,) 

159 
Directive corpuscles^ 9. Sef Polar Globules. 
Discus proligerus, albumen deposited on ovum 

by, 7 
Dohm on pituitary body, 68 
Ddllinger, researches of Pander under, 23 
Ductus arteiiosus, 146, 150, 156 
lingnalis, no 
thyreoslossus, no 
thyroideus, no 
venosus, 1^2, 156 
Duodenal loop, 104 
Dursy ou continuity of piimitire with neural 

groove, 32 
Duval on epiblastic connection of blastodermic 
vesicle to uterine wall, 53 



Ear, a specialised branchial sense-organ, 76 
development of, 89 
accessory parts, 93 
Echinoderms yix^vosj urchin, 94pfia, skin), im- 
pregnation in, II, 12 
Ecker on the Sylvian fissure, 73 
Ectoderm (4kt6s, outside, Upfta, skin), primitive 
18, 19, 24 
I invagination of, 22, 23 

Egg tubes, 124 

Elasmobranchs (^A^fto, lamina, fipdyx*'^ g^Us), 
ccelom invagination iu, 22, n. 
}>riuiitive groove in, 23 
neural crest in, 73 
spinal nerves, auterior roots in, 74 
I origin of ciliary ganglion in, 81 

auditory vesicle in, 90 
Kupra-pericardial boiUes iu, in 
liver in, 112 

Wolffian vesicles in, 1 18, u. 
supra-renal capsules iu, 121 
MuUerian duct in, 122 
lieart in, 136 

muscle plate, outer, iu, 161 
visceral arches in, 161 
head cavitien in, 161 
limbs in, 163, u. 
Embr}'o, human, segmentation where most 

marked, 2 
Embryo, separation of, from blastoderm, 34 
Embiyology {l^fiffpuoVf a thing newly born, \6yos, 
wora), definition, i 
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Kidney, head or fore, 115, 117 

mid, 116 

hind or permaDent, 117, 122 
Kolliker on Kauber's layer, 18 

intermediate layer of blastoderm, 20 

placenta, 53 

lens capsule, 87 

the anterior chamber, 88 

cephalic clefts, 102, n. 

air cells of lung, 1 10 

thymus, 11 1 

heart, 134 

endothelial tube of heart, 136 

mosocardium laterale of, 136 

cartilage of vt-rtebne, 162 
KoUmann, parablastic theory of His, adherence 

to, 26 
Kowalevsky, researches on Sagitta and Amphi- 

oxus, 24, 26 
Kundrat on placenta, 48, n. 
Kupffer, gastnilation, view of, 22 

His' parablastic theory, adherence to, 26 



Labia majora (greater lips), 128 
Labyrinth, the, the recess of, 90 

perilymphatic spaces of, 93 
Lachn'mal canals and ducts, 89, 97 
fissure, 89 
gland, 89 
Lamime of cord, alar, basal (dorso-lateral) 

(ventro-lateral), 60, 63, 65, 66, 77 
Langhans on placental sinuses, 53 
Lankester, on homogeny, 4 

blastopore, 22 

primary layers of blastoderm produced by 
delamination, 24 
Larynx, no 

Lemurs {femur, ghost), nasal gland in, 98 
Lens, 83, 86 

vesicle of, 87 

transitional zone of, 87 

capsule of, 87 
Leopold on placenta, 48, n. 

giant cells in decidua serotina, 54 
Leydig on special sense or^ns of gill clefts, 76 
Lieberkuhn on blastodermic layers in mole, 18 

on lens capsule, 87 

zonule of Zinn, 87 
Ligamentum arteriosum, 150 
Limbs, 4, 163 

segments of, 164 

rotation of, 165 

bones of, 165 
Limbus (a l>and) Vicussenii, 144, 157 
Literatui-e, recent, of the ovum, 14 

blastoderm, 27 

embryo, fonnation of, 41 

general subject of embryonic formation and 
development, 41 

decidua, 55 

nervous system, development of, 81 

sense organs, 98 

alimentary canal and glands, lungs, 113 

urinary and generative organs, 132 

blood system, 158 

serous cavities, muscles and skeleton, 169 
Liver, 106, 112 

weight of, 113 

formation of veins of, 151, 152 
Lock wood, on protovertebral cavity, 160 



1 Lungs, development of, 109 
Luschka, on urachus, 122 

notochord, remains of, 162 
Lymphatic system, 157 



Mack AY on arterial arches of the bird, 150 
Macula germinativa (germinal spot), 8 
Malleus (a hammer), 167, 168 
Malpigliian corpuscles of spleen, 108 

01 Wolffian bod V, 120 

of permanent kidney, 122 
Marshall, vestigial fold of, 154 

Milnes, on head cavities, 161 
Martin on Wolffian duct, 118 
Masius on epiblastic connection of blastodermic 

vesicle with uterus, 53 
Mechanical tlieory of development, 24 
Meckel, J. F., 23 
Meckel's cartilage, 166, 167, 168 
Medulla oblongata, 62 

formation of, 63 
Medullary folds, fonnation of, 30, 32 

Cve. See Neural groove. 
tans of retina, externa, 86 

interna, 83, 86 
nictitans, 89 

reunions, superior of Remak, 32, 162, 165 
tectoria, 93 
tympani, 93 
Membranes of cord, development of, 60 
Meroblaatic ovaifAtpof, a part, fiKuar6s, a germ), 
definition of, 8 
gastmlar stage in, 22 

Haeckel, view concerning blastopore in, 23 
mesenchyme in, 27 
Mesenchyme (/u^crot, middle, xvf>^') juice), 26, 

27 
Mesencephalon {/i^aos, middle, iyiei^aXoSt brain, 
67 

connection with optic stalks, 85 
Mesentery, the (jif<ros, middle, fyrtpow, intestine), 

104, 107 
Mesoblast, formation of, 20, 21 

origin, varieties of, 22 

His' view of origin, 23 

character of cells, 24 

connection with mesenchyme, 26 

paraxial and lateral, 32 

cleavage of, 36 

formation of vessels in, 39 

growth of with allantois, 44 
Mesoblastic somites, 37, 159, 162 

cavity in, 37, 160 
Mesocardium, anterius, pterins, latendis, 136 
Mesocolon {k6\ow, great intestine), 106 
Mesogastrium {yaffr-ffp^ belly), 106, 107 
Mesonephros (vc^^f, kidney), 1 16 
Mesorchium (^x«*» testicle), 126 
Mesorectum, loS 
Mesovarium, 126 

Metameres {fitra, following, fi^pos, a part), 4 
Metanephros {tierd, behind, y€<^p6s, kidney), 

"7 
Metazoa (nrrdy after, (Aov^ animal), 18, 26 
Metencephaloii {firrd, behind, fyicc^aXot, brain), 

63 
Meuron, de, on obliteration of human oesopha- 
gus, 104, n. 

thymus, iii 
Micropyle {fiucpSs, small, ir^Ai», opening), 1 1 
Mid bruin, 38 
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MihalkovicR on stomodseum in rabbit, 99 

supra-renal capsules, 120 

MttUerian ducts, 123 

OYary, 124, n. 
Minot, polar globules, theory of, 12, 14 

on placenta, 48 n. 

chorionic epithelium, bounding placental 
sinuses, 52, n. 
Mitsukuri on supra-renals, 122 
Modiolus, the (nave of a wheel), 93 
Mole, primitive ectoderm in, 18 

blastopore in, 22 
Monotremes ((16^09^ single, rp^/ia, a hole), 6 

amount of yolk of, 8 

cloaca in, 108 
Morbus coeruleus (the blue disease), 157 
Morgagui, hydatids of, 124 1 

Morphology (A»op^» form, \6yos, woi-d), deter- 1 
mmation of, 2 ' 

Mouth, formation of, 99 

non-correspondence of primitive ^-ith per- 1 
manent, 100 | 

Mulberry mass, 16 

Miiller, £., on muscular tissue of primitive 1 
aorta*, 151 
Johannes, Miillerian duct named after, 

"7 
W., sense epithelium of, 86 
Miillerian duct, 117, 122, 123, 124, 127 

invaginations, 115, n. 
Mullerian fibres, 86 
Muscle plate, 160 
inner, 160 
outer, 161 
Muscles, 159 
Myelospongium (/avcX^s, marrow, ffw^os, 

sponge), 58 
Myotomes {fivoSf a muscle, r4fxyw, I cut), 4 



Nasal processes, 95 i 

laminie, 95 I 

septum, 95 I 

Naso-palatine canal, 97 
Nerves, fifth asceudiug, root of, 66, 78 I 

yagus and glosso-pliaryngeal, ascending root 
of, 66, 78 

fifth sensoiy fibres of, 66, 78 I 

motor fibres of, 66 | 

sixth, seventh, 66 | 

third, fourth, 67 , 

»pinal, formation of, 73 

roots of, 74 

axis, cylinders of, 75 

traces of ganglia in crauial, 77 

crauial, 75 

auditoiy, 7S, 89, 93 

sympathetic, 81 

nuclei of origin of cranial, 77 

inferior lary^ngeal, shifting of, 149 
Nerve fibres, origin from neuroblasts, 58, 59 

origin of somatic and splanchnic, 77 

olfactory, 81 
Nervous system, general view of development, 57 
Neural canal, 32 

parietes of, structure of, 57 

crest, 73, 75 

groove, formation and closure of, 30, 32 

formation of cerebral vesicles from, 37 
Neurenteric canal {pwpoy, nerve, ivr^popf in- 
testine), 22 

piercing of notochord by, 32 



Neuroblasts {v^pov, nerve, fi\a(rr6s, germ), 58, 

59, 74, 98 
Neuroglia (ycSpor, nerve, y\la, glue), origin of, 

60 
Nose, a specialised branchial sense organ, 76 

formation of, 95 
Notochord {v&roSf the back, X'^P^t & string of 
gut), 2 

formation of, 32 

an embryonic structure, 34 

structure of, 34 

connection with buccal epiblast, 68 

formation of vertebrse round, 162 

connection with cranium, 165 
Notochordal canal, 34 
Nuck, canal of, 127 
Nuclei of origin of cranial nerves, 77 
Nucleolus of ovum, 8 
Nucleoplasm of germ and sperm cells, 12 
Nucleus (a kernel) of ovum, changes in, 6, 9 

chromatin filaments of^ 12 
Nymphfe, 128 



OilsoPHAOUS {oXaM=<^ptty to carry, ^oycly, to 

eat), 103, 104, n. 
Olfactory {ol/acio, to smell) area, 95 

bulb, 81 

epithelium, 98 

glomeruli, 81 

pit, 95 

lobes, 62, 71 

junction of ganglionic rudiment with, 77 

formation of, 79 
Olivary tubercle, 65 
Omental sac, 106 
Omentum, great, 106, 108 

gastro-nepatic, or small, 106, 113 
Omphalomeseraic vein (6fi^a\6s, navel, ftwaptdoff 

mesentery. See Vitelline Vein. 
Onodi on sympathetic nerves, 81 
Optic chiasma (x^/Mty two lines placed cross- 
wise), 85 

cup, 83 

nerves, origin from fore-brain, 38, 67, 79 

stalks, formation of, 85 

thalamus, 62, 67 

tracts, 67, 85 

vesicles, primary, 61, 67, 83 
Organ, definition, i 
Organization, plan of, 2 
** Organs of the lateral line," 76 
Os articulare (joint bone), 168 
Otic vesicle (ofo, intK6s, ear, of the ear), 89 
Ovary, 6, 124, 125 

round- ligament of, 126 

change of position of, 127 
Oviparous (orwrn, egg, pario, to produce) vertc- 

brata, 8 
Ovum (egg), alecithal, 9 

attachment of to uterus, 46 

centrolecithal, 8 

deutoplasm of, 7 

development, changes prior to, 6 

gastrula of, 21 

germinal vesicle of, 8 

noloblastic, 8 

human, exception to rule of separation from 
chorion, 46 

human, villi in earliest described, 55 
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Oyum — continued, 
fertilization of, 1 1 
mammalian, descent of, 8 
maturation of, 9 
meroblastic, 8 
pennanent, 125 

polar globules, extrusion from, 9 
primordial, 124 
segmentation of, 16 
size of, 6 
strisof, 6 
structure of, 6 
yolk of, 7 
zona pellucida or zona radiata of, 6 



Palate, the, 97 

cleft, 97 
Pancreas (»oy, all, Kp4as, flesh), 108, 113 
Pander, researches on blastoderm, 23 

mechanical theory of, 24 

blood islands of, 39 
Papillary muscles, 142 
Parablastic cells (ropci,' beside, $\eurr6s, germ), 

21, 25, 27 
Parachordal cartilages {rapdy beside, x^P^t 

string ; neai* the notochord), 166 
Parker, on formation of xiphoid, 163 

stapes, 168 
Parovarium (iropcC, beside ; ovariuin, ovary), 120 
Pars ciliaris retiuee, 86 
Parthenogenesis {'irap$4yos, virgin ; ywtais, 

origin), polar globules in, 14 
Parturition, separation of membranes in, 55 
Paterson on origin of sympathetic system, 81 

limb muscles, 163, n. 
Penis, 128, 129 

Pericardium (»€f)f, about ; irapS/o, heart), 135, 159 
Peritoneum (rep/, about ; rc/yo), to stretch), 159 
Perivitelline space {vitellus, yolk), 9 
Peters on hyomandlbula, 168 
Petromyzon (rerpos, a stone : /u^^w, to suck ; 

lamprey), pituitary body in, 6iB 
Pfliiger, egg tulDcs of, 124 
Pharyngealseptum, 100 
Pharynx, 10 1 

Philtrum (^(Arpov, loveliness), 95 
Pineal gland {pinea^ a fir-cone), 61, 67 

as rudimentary eye, 68 
Pinna, the (a feather), 95 
Pituitary body {pUuita, phlegm), 61, 67 

formation of, 68 

in Petromyzon, 68 

connection with stomodaeum, 100 
Placenta (a cake), 44 * 

formation of, 49, 51 I 

basal layer of, 51 

subchorionic membrane of, 51 

loculi or cotyledons of, 51 

structure of sinuses of, 52 

intervillous spaces of, 51, 53 

weight and size of, 53 

microscopical structure of, 53, 54 
Placental dccidua, 51 

sinuses, structure of, 52 
Plane, median, 4 

Plasma; of Weismann, nuclear, nutritive, ger- 
minal, histogenetic, 14 
PleuraB (»Afwprf, a rib), no, 159 
Pleuro-peritoneal cavity. See C(elom 



Plica gnbematrix (guiding fold), 126 

semilunaris, 89 
Polar disc, 1 1 
globules, 6 

formation of, 9, 12 
where observed, 9 
of Ascaris megalocephala, 9 
of plants, 9 
Minot's theory of, 12 
Weismann's theory of, 14 
Pons (bridge), 62 

formation of, 66 
Porta vestibuli (gate of the vestibule), 156 
Prse-hyoid glands, 1 10 
Pregnancy, changes of uterus in, 48 
Primary placental circulation, 53 
Primitive groove, formation of, 19 

as extension of blastopore, 22 
as humologne of part of entoderm, 

23 
Balfour's view of, 23 
I connection with neural groove, 

30, 32 
I streak, formation of, 19 

an ectodermal thickening in- 
I dented by blastopore, 22 

origin of mesoblast Irom, 22 
I connection with notochord, 32 

velum {ycluiTif a curtain), 100 
I Pristiurus, heart in, 136 

Proamnion, 35, 42, u. 
' Process, nasal, 95 

fronto-nasal, 95, 10 1 
maxillary, 97, loi 
i globular, 95 

tympano-hyal, 168 
I styloid, 169 

\ Processus vaginalis, 127 
j l*roctodffium {irpttKr6sy the anus), 108 
I Pronephros (irp6, before; y€^p6sj kidney), 115 
Pro-nucleus, female, male, 9, 11, 12 

chromatin filaments, in, 16 
Prosencephalon {irp6s, besides ; iyxt^SiKos, brain), 

68 
Prostatic vesicle, 124 
Protovertebne {irp&Tos, firat ; verUbra, I turn), 

37 
See Mesoblastic somites. 
Protovertebral cavity, 37, 160 
Pulmonary blood-vessels, 1 10 
Pupillary membrane, 87, 88 
Purkinje, germinal vesicle of, 8 
Pyramidal tracts, the last to be medullated, 60 
Pyramids, anterior, 65 



Quadrate, the, 168 



Rabbit, polar globules observed in, 9 
j)ro-amnion in, 35 
stomodeenm in, 99 
Ramon y Cajal, on posterior roots of spinal 

nerves, 75 
Ruthke, diverticulum of, 68 
on hypophysis cerebri, 100 
visceral arches, 103 
arterial arches, 147, 150 
posterior vertebral veins of, 153 
trabeculse cranii of, 166 
Rauber, layer of, 17, i8, 22, n., 23 
I on the mechanical theory of development, 24 
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Recessns pulmonales (recesses of the Inngs), 

159 
Reichert on yilli in earliest oyum, 55 

mantle of, 70 

on incus and stapes, 168 
Reid, John, on foetal circulation, 156 
Eeiu on the polar globules in the rabbit, 9 
Remak on bilaniination of middle blastodermic 
layer, 23 

membrana reunions superior of, 32, 162 
Renal organs, embryonic ducts of, opening into 

allantoic pedicle, 46 
Kenson on extrusion of part of nucleus of seminal 

cell, 12 
Restiform bodies, 65 
Retina {ref£, a net), origin from fure-brain, 38 

development of, 83, 86 

membrana; limitantes of, 83, 86 

rods and cones of, 84, 86 

hexagonal pigmented epithelium of, 84, 
86 

central blood-vessels of, 85, 87 

ganglionic layer, 86 

sense epithelium of, 86 
Betzius on the zona radiata, 7 
Rhomboidal sinus, 60 
Ribs, development of, 163 
Rodents, inversion of blastodermic layers in, 

23 

Paterson on sympathetic in, 81 

nasal septum in, 95 
Rosenburg on Wolffian duct, 118 
Round ligament, 126 

RUckert on coelom invagination in elasmo- 
branchs, 22, n. 

heart in Pristiurus, 136 



Sabatier, on origin of subclavian artery, 
150 

Eustachian valve, action of, 1 56 
Saccule, 78, 90 
Saccus reunieus, 139, 151 
Sagitta, origin of mesoblast in, 22 

Kowalevaky on, 24, 26 

mesenchyme in, 27 
Salensky on the stapss, 168 
Sanropstda {(raipa, a lizard ; H^ts, look), hyo- 

mandibular arch in, 168 
Scalse {acala, a stair) of cochlea, 93 
Scarpa, gangliform swelling of, 78 
Schenk, on sympathetic nerves, 81 
Schmidt, on Thebesian valve, 141 
Schneiderian membrano, 81 
Schultze, M., on rods and cones, 86 
Sclerotic {(rKXrip^s, hard), 88 
Scrotum, 127, 128 
Sedgwick, on Wolffian body, 115, n. 

Miillerian duct, 123 
Segmental tubes, 118 
Segmentation of ovum, complete, incomplete, 8 

main factors of, 9 

before fertilization, 14 

after fertilization, 16 
Selenka, on inversion of blastodermic layers in 
rat and mouse, 23 

epiblastic connection of blastodermic vesicle 
with uterus, 53 
Semicircular canals, 78, 91 
Seminal cell, 12 



Septum lucidnm (transparent partition), ventricle 
of, 70 
spurium, 141 
inferius, 141 
membranaceum, 142 
intermedium, 142, 144 
transverse, the, 159 
Serous cavities, 159 
Sexual cells, ori^n of, 14 

conjugation of, Minot*s theory of, 14 
Sinus arcuatus (arched hollow), 102 
venosus, 112, 138, 151 
urogenitalis, 123, 128 
Skull, formation of, 166 

cliondrification of, 166 
Somatopleure {a-wfiay body ; %\9vpd, the side) 

35 

formation of, 36, 99 

origin of amnion from, 42 
Somites (<rufui, body), mesobtastic, 4 
Spee, on connection of mesoblastic cleavage ';\*ith 
notochordal canal, 34 

epibliutic origin of Wolffian duct, 1 18 
Si)encer, Baldwin, on pineal eye, 68 
Sperm cell, 12 

Spermatozoon (<rWf>/xo, seed ; (wor, animal), 
accession of, to ovum, 6, 9 

fertilization by, 1 1 

fate of tail of, 11 

maturation of, 12 
Spinal accessory, origin from basal lamina, 

60 
Spinal cord, development of, 57 

outermost layer of, 58 

anterior comu of, tirst rudiment of, 59 

columns of, 59 

fissures of, 59 

anterior commissure of, 60 

dorso-lateral and ventro-lateral laminae of, 
60 

filum terminale of, 60 

Cauda equina of, 60 

growth of, pari passu with vertebral canal. 
60 

membranes of, 60 
Splanchnopleure ((rnXdyxyov, the inwards ; 
T\tvpdf the side), 35 

formation of, 36, 99 
Spleen, 108 
Spongioblasts {(rriyyos, sponge ; fikewrSSf germ), 

58. 
origin of neuroglia from, 61 
Stapes (a stirrup), 168 
Sternum, 163 
Stomach, 104 
Stomodsenm {(ttSijm, mouth), 68, 99 

connection with, nose, 95 
Strahl, on Wolffian duct, 118 
Stratum compactum, 49 

spongiosum, 49, 55 
Subchorionic membrane of Turner, 51 
Sulci of brain, primitive, 72 
principal, 73 
Sulcus, anterior limiting and lateral limiting, 
34, 35 
terminalis, 102 
Supra-hyoid glands, 1 10 

-pericardial bodies, 1 1 1 
Suprarenal capsules, 120 
Suspensory ligament, 113 
Symmetry of form, 4 
bilateral, 4 
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Sympathetic ganglia, 8i 

connection of, with supra-renal capsules, 



Teeth, 109 

Tegmentum (a cover), 67 

Teleosteans (rcAfos, complete, hfrr4ov, bone), 

Wolffian duct in, 118 
Telolecithal ova {rixos, end, and Xi^icvdof, oil- 
bottle), 8, 27, 30 
Terminal sinus, 40 
Testicle, 117, 125 

descent of; 126, 127 
Testis. See Testicle. 
Textures, general, i 

Thalamencephalon {BdXaiMSf chamber, #7x^^0X0$, 
brain), 61, 67 

connection with optic stalks, 85 
Thebesian valve, 141 

Thomson on ganglionic traces in third nerve, 77 
Thomson, Allen, on primitive aortie, 146 
Thymus (9^, to oifer as a sacrifice), 1 1 1 
Thyroid {Bvp^s, a shield), 102 

formation of, 1 10 

pyramid of, 1 10 
Tiedemann on rhomboidal sinus, 60 
Tissues, general, i 
Toldt on mesentery of pancreas, 113 
Tongue, 100 

formation of, 102 

foramen cecum of, 102 

pa^illse of, 102 

sulcus terminalis of, 102 
Trabeculie cranii {trabs, a beam, diminutive of)» 

166 
Trachea (r/Mxvf, rough), no 
Trigonum olfactorium {rpiywyoSf triangular), 79 
Trophoblast (rpo^, nourishment, /iXoortis, 

germ), of Hubrecht, 53 
Truncus arteriosus, 151 
Tuberculum impar (unpaired tu1)ercle), 102 
Turner on placenta, 48, n. 

Bubchoriouic membrane of, 51 
Type, vertebrate, main features of, 2 



Umbiucal cord, 36, 43, 104, 122, 151 

Umbilical duct, 36 

Umbilical vesicle, 36 

Umbilicus (the navel), 43 

Urachus (ofooi^, urine ; l^x*. ^ hold), 122 

Ureter {cipWy to make water), 122 

Urethra, 122, 128 

Uriniferous tubules, 119 

Uterus, mode of attarhnipiit of ovum to, 46 

changes in pregnancy, 48 — $^ 

regeneration of after parturition, 55 

formation of, 124 

bifid stage of, 124 

08 and cervix of, 124 
Uterus masculinus, 124 
Utricle (utriculuSf a little womb), 91 
Uvea {uvaf a cluster of grapes), 84, 85, 86, 88 



Vagina (a sheath), 124 
Valve of Vieussens, 66 
Vasa aberrautia of Haller, 120 
Vascular area, 39, 151 
lamina, 151 



Veins, azygos, 153 

cardinal, 151, 152, 153 

connection of, with heart, 138, 139 

iliac, 153 

inferior cava, 152, 153 

innominate, 153 

intercostal, superior, 153 

jugular, 153 

jugular, primitive, 151, 152, 153 

primitive, formation of, 39 

portal and hepatic, 151, 152 

posterior vertebral, 153 

pulmonary, 144 

subclavian, 153 

superior cava, 151, 153 

umbilical, 138, 151, 152, 156 
I vitelline, 39, 40, 112, 138, 151, 152 

Velum palati (curtain of the palate), 100 
I Vena ascendens, 152 
I Venie, advehentes and rovehentes, 112, 151, 152 

Venous annulus of duodenum, 151, 152 
; Ventricles, lateral, 62 

third, 62, 67 

fourth, 62, 66 
' fifth, 70 

; Vererbungsthcorie of Weismann, 14 

Vermiform appendix, 107 
; Vertebra (wrto, 1 turn), 2 

pennanent, 162 
I Vertebral column, development, 2, 162 

bodies, 2 

segments, 4 
Vertebrate type, 2 

Vesicles of the cerebral hemispheres, 61 
Vestibule, 78 
Villi {villuSf shaggy hair) of chorion, 43 

vascularisation of, 44, 52 

connection with glands of decidua, 47 

zone of, 55 
Visceral arches, formation of ossicles of ear from, 

93 

first, or mandibular, loi, 102 

cephalic, 102 

second or hyoid, 102 

third or thyro-hyoid, 103 

palato-pharyugeal, 103 

post- and prw-buccal, 103 

Dlood supply of, 103 

cartilaginous bars of, 103, 166 
Visceral clefts, 103 

first formation of middle ear from, 93 

cephalic, loi 

hyamandibular, 103 
' fourth, formation of thyroid from, no, in 

Vitelline arteries, 40 
' circulation, 40 

I duct. 46, 104, 151 

I membrane, 8 

j veins, 39, 40, 112, 138, 151, 152 

I Vitellus, structure of, 7. See Yolk. 
Vitreous humour {rUrum, glass), S^, 85, 87 

, Waoker, macula germinativa of, 8 
' Waldeyer on His' parablastic theory, 26 

placental sinuses, 52 

epoo^horon of, 120 

germinal epithelium of^ 124 
Weismaun, theory of, 14 
Weldon on supra-renal cap8ule.% 120 
j Wijhe, v., on Wolffian vesicles, 118, n. 

head cavities, 161 
I typical somite cavity, 161, n. 
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Wolff, C. F. , first .suggestion of laminfic in blasto- 
derm by, 23 

duct of, 115 
Wolffian body, 115, n., 116, 117, 118, 122 

atrophic changes of, 120 

connection with testis, 120, 126 

veins of, 151 
Wolffian duct, 115, 116, 117, 118 

remnant of, in parovarium, 120 

as duct of Gartner, 120 

male generative organs, 120 

permanent kidney, 122 

connection with Mlillerian duct, 123 



Wolffian vesicles, 118, 118, n. 

Yolk, structure of, 7 
sac, 3?, 99, 104 
vitelline circulation round, 40 

Zachariar, polar globules in Ascaris, 9 
Zimmermann on arterial arches, 151 
Zona pellucida (transparent zone), 6, 7 

penetration of, by spermatozoon, 1 1 
Zonule of Ziun, 87 
Zuckerkandl, gyrus subcallosus of, 81 
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on wood. I Vol. medium 8vo, price 3IJ. 6d. cloth. To be had also in Two 
Volumes, price 34J. cloth. 

RICHARDSON. THE ASCLEPIAD~ A Book of Original Research in 
the Science, Art, and Literature of Medicine. By BENJAMIN WARD 
RICHARDSON, M.D., F.R.S. Published Quarterly, price is. 6d. Volumes 
for 1884, 1885, 1886, 1887, 1888 & 1889, 8vo, price 12s, 6d. each. 

SALTER. DENTAL PATHOLOGY" AND SURGERY. By s. 
JAMES A. SALTER, M.B., F.R.S., Examiner in Dental Surgery at the 
Royal College of Surgeons ; Dental Surgeon to Guy's Hospital. With 133 
Illustrations. 8vo, price iSst 

SMITH (H. F.). THE~HANDBOOK FOR MIDWIVES. By 
HENRY FLY SMITH, B.A., M.B. Oxon., M.R.C.S. Second Edition, 
thoroughly revised. With 41 WtKidcuts. Crown Svo^ price 5^. 
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STEEL.— ]^(?/?A"5 by JOHN HENRY STEEL, KR,C.V.S,, KZ,S,, 

A.V.D,^ Professor of Veterinary Science and PHncipal of Bombay Veterinary College. 

A TREATISE ON THE DISEASES OF THE DOG; being a 
Manual of Canine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. 88 Illustrations. 8vo, lOf. 6d, 

A TREATISE ON THE DISEASES OF THE OX; being a 
Manual of Bovine Pathology specially adapted for the use of Veterinary 
Practitioners and Students. 2 Plates and 117 Woodcuts. 8vo, 15^. 

A TREATISE ON THE DISEASES OF THE SHEfiP; being 
a Manual of Ovine Patholc^y for the use of Veterinaiy Practitioners and 
Students. With Coloured Plate, and 99 Woodcuts. 8vo, I if. 



"STONEHENGE." THE DOG IN HEALTH AND DISEASE. 
By " STONEHENGE." With 84 Wood Engravings. Square Crown 8vo, 7/. (xl. 



yjEST— WORKS by CHARLES WEST, ALD., &^c., Founder of and 

formerly Physician to the Hospital for Sich Children, 

LECTURES ON THE DISEASES OF INFANCY AND 
CHILDHOOD. Seventh Edition, revised and enlarged. 8vo, i8f. 

THE MOTHER'S MANUAL OF CHILDREN'S DISEASES. 
Fcp. 8vo, 2j. 6d. 



WILKS AND MOXON. LECTURES ON PATHOLOGICAL 

ANATOMY. By SAMUEL WILKS, M.D., F.R.S., Consulting Physician 
to, and formerly Lecturer on Medicine and Pathology at, Guy's Hospital, and 
the late WALTER MOXON, M.D., F.R.C.P., Physician to, and some time 
lecturer on Pathology at, Guy's Hospital. Third Edition, thoroughly Re- 
vised. By SAMUEL WILKS, M.D., LL.D., F.R.S. 8vo, price i8j. 



WILLIAMS. PULMONARY CONSUMPTION: ITS ETIO- 
LOGY, PATHOLOGY, AND TREATMENT. With an Analysis 
of 1,000 Cases to Exemplify its Duration and Modes of Arrest By 
C. J. B. WILLIAMS, M.D., LL.D., F.R.S., F.R.C.P., Senior Consulting 
Physician to the Hospital for Consumption, Brompton ; and CHARLES 
THEODORE WILLIAMS. M. A., M.D,, Oxon. F.R.C. P., Senior Physician 
to the Hospital for Consumption^ Brompton. Second Edition, Enlarged and 
Rewritten by Dr. C. THEODORE WILLIAMS. With 4 Coloured Plates 
and 10 Woodcuts. 8vo, price i6j. 

yO\ifiTT.— WORKS by WILLIAM YOU ATT 

THE HORSE. Revised and Enlarged by W. WATSON, M.R.C.V.S. 

Woodcuts. 8vo, 7j. dd, 
THE DOG. Revised and Enlarged. Woodcuts. 8vo, 6j. 
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ARNOTT. THE ELEMENTS OF PHYSICS OR NATURAL 
PHILOSOPHY. By NEIL ARNOTT, M.D. Edited by A BAIN, 
LL.D. and A. S. TAYLOR, M.D., F.R.S. Woodcuts. Crown 8vo, 
I2X. 6d, 



BENNETT AND MURRAY. A HANDBOOK OF CRYP- 

TOGAMIC BOTANY. By A. W. BENNETT, M.A., B.Sc., F.L.S., 
and GEORGE R. MILNE MURRAY, F.L.S. With 378 Illustrations. 
8vo, price i6j. 



CLERKE. THE SYSTEM OF THE STARS. By AGNES M. 
CLERKE, Author of "A History of Astronomy during the Nineteenth 
Century/* With 6 Plates and Numerous Illustrations. 8vo, 2if. 



CLODD. THE STORY OF CREATION. A Plain Account of 
Evolution. By EDWARD CLODD, Author of "The Childhood of the 
World," &c. With 77 Illustrations. Crown 8vo, y. 6d, 



CROOKES. SELECT METHODS IN CHEMICAL ANALYSIS 
(chiefly Inorganic). By W. CROOKES, F.R.S., V.P.C.S., Editor of 
"The Chemical News." Second Edition, re- written and greatly enlarged. 
Illustrated with 37 Woodcuts. 8vo, price 24J. 



CULLEY. A HANDBOOK OF PRACTICAL TELEGRAPHY. 
By R. S. CULLEV, M.LC.E., late Engineer-in-Chief of Telegraphs to the 
Post Office. Eighth Edition, completely revised. With 135 Woodcuts and 
17 Plates, 8vo, its, 

DURRANT. LAWS AND DEFINITIONS CONNECTED WITH 
CHEMISTRY AND HEAT. With Explanatory Notes on Physical 
and Theoretical Chemistry, also special Tests and Examples for Practical 
AnalysU. By R. G. DURRANT, M.A., F.CS., Assistant-master at Marl- 
borough College. 31. 

EARL. THE ELEMENTS OF LABORATORY WORK. A 
Course of Natural Science for Schools. By A. G. Earl, M.A., F.C.S., late 
Scholar of Christ College, Cambridge ; Science Master at Tonbridge School. With 
$7 Piagraps apd nufnerqus Exercises ^d Que^tiop^r Cxoyrji 8yo, price ^. td^ 
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FORBES. A COURSE OF LECTURES ON ELECTRICITY. 
Delivered before the Society of Arts. By GEORGE FORBES, M. A., F.R.S. 
(L. & E.) With 17 Illustrations. Crown 8vo, 51. 



GALLOWAY. THE FUNDAMENTAL PRINCIPLES OF 
CHEMISTRY PRACTICALLY TAUGHT BY A NEW 
METHOD. By ROBERT GALLOWAY, M.R.I.A., F.C.S., Honorary 
Member of the Chemical Society of the Lehigh University, U.S. ; Author of 
'* A Treatise on Fuel, Scientific and Practical," &c. Crown 8vo, 6j. (>d. 



GANOT. ELEMENTARY TREATISE ON PHYSICS; 
Experimental and Applied, for the use of CoU^es and Schools. Translated 
and edited from Ganot*s EUnients de Physique (with the Author's sanction) 
by E. ATKINSON, Ph.D., F.C.S., Professor of Experimental Science, Staff 
College, Sandhurst. Twelfth Edition, revised and enlarged, with 5 Coloured 
Plates and 923 Woodcuts. Large crown 8vo, price 15^. 

NATURAL PHILOSOPHY FOR GENERAL READERS 
AND YOUNG PERSONS ; Being a Course of Physics divested 
of Mathematical Formulae, and expressed in the language of daily life. 
Translated from Ganot's Cours de Physique (with the Author's sanction) by 
E. ATKINSON, Ph.D., F.C.S. Seventh Edition, carefully revised; with 37 
pages of New Matter, a Coloured Plates, 3 New Maps, 569 Woodcuts, and an 
Appendix of Questions. Crown 8vo, price Js, 6d, 



GIBSON. A TEXT-BOOK OF ELEMENTARY BIOLOGY. 
By R. J. HARVEY GIBSON, M.A., F.R.S.E., Lecturer on Botany in 
University College, LiverpooL With 192 Illustrations. Crown 8vo, price 6s, 



GOODE\/E.— iyOB^S by T. M. GOODEVE, M.A., Barrisier^at^ 
Lma; Pro/tuor ^ Mtchama tU the Normal School o/Scitnci and the Royal School v 
Mines, 

PRINCIPLES OF MECHANICS. New Edition, rewritten and 
enlarged. With 253 Woodcuts and numerous Examples. Crown 8vo, 6j. 

THE ELEMENTS OF MECHANISM. New Edition, re-written 
and enlarged. With 342 Woodcuts. Crown 8vo, 6s, 

A MANUAL OF MECHANICS : an Elementary Text-Book for 
Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 
141 Examples taken from the Science Pepartment Ejcaminatiop Papers, with 
Af)swers, Fcp, 8vo, ^, 6(i^ 
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MITCHELL MANUAL OF PRACTICAL ASSAYING. By 
JOHN MITCHELL, F.C.S. Sixth Edition. Edited by W. CROOKES, 
r.R.S. With 201 Woodcuts. 8vo, price 3Xj. W. 



MORGAN. ANIMAL BIOLOGY. An Elementary Text Book. By 
C. LLOYD MORGAN, Professor of Animal Biology and Geology in 
University College, Bristol. With numerous Illustrations. Crown 8to, &r. M, 



ODLING. A COURSE OF PRACTICAL CHEMISTRY, Arranged 
for the use of Medical Students, with express reference to the Three Months' 
Summer Practice. By WILLIAM ODLING, M.A., F.R.S. Fifth EdiUon, 
with 71 Woodcuts. Crown Svo, price 6j. 



OLIVER. ASTRONOMY FOR AMATEURS: A PRACTICAL 
MANUAL OF TELESCOPIC RESEARCH IN ALL LATI- 
TUDES ADAPTED TO THE POWERS OF MODERATE 
INSTRUMENTS. Edited by JOHN A. WESTWOOD OLIVER, with 
the assistance of T. W. BACKHOUSE, F.R.A.S. ; S. W. BURNHAM, 
M.A., F.R.A.S. ; J. RAND CAPRON, F.R.A.S. ; W. F. DENNING, 
F.R.A.S.; T. GWYN ELGER, F.R.A.S. ; W. S. FRANKS. 
F.R.A.S.; J. E. GORE, M.R.LA., F.R.A.S. ; SIR HOWARD 
GRUBB, F.R.S., F.R.A.S.; E. W. MAUNDER, F.R.A.S.; and 
others. Illustrated. Crown Svo, yj. 6d. 



PAYEN. INDUSTRIAL CHEMISTRY; A Manual for use in Tech- 
nical Colleges or Schools, also for Manufacturers and others, based on a 
Translation of Stohmann and Engler's German Edition of Payen's Prkis de 
ChimU Industridle, Edited and supplemented with Chapters on the Chemistry 
of the Metals, &c, by B. H. PAUL, Ph.D. With 698 Woodcuts. Medium 
Svo, price 4Zr. 

REYNOLDS. EXPERIMENTAL CHEMISTRY for Junior students. 
By J. EMERSON REYNOLDS, M.D., F.R.S., Professor of Chemistry, Univ. 
of Dublin. Fcp. Svo, with numerous Woodcuts. 

Part I,— Introductory , price u. W. 

Part II. — Non* Metals^ with an Appendix on Systematic Testing for 
Acids, price 2j. 6</. 

Part \l\.-^MetaU and Allied Bodies^ price 3/. (x/. 
Pajct \y ^—Qhemistry of (;arhon ^pmf^ruis^ price 41, 
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PROOTOR.—IVORKS by RICHARD A. PROCTOR. 



LIGHT SCIENCE FOR 
LEISURE HOURS; Familiar 
Essays on Scientific Sabjects, 
Natural Phenomena, &c. 3 Vols. 
aown 8vo, 5^. each. 

THE ORBS AROUND US ; a 
Series of Essays on the Moon and 
Planets, Meteors, and Comets. 
With Chart and Diagrams, crown 
8vo, 5j. 

OTHER WORLDS THAN 
OURS ; The Plurality of Worlds 
Studied under the Light of Recent 
Scientific Researches. With 14 
Illustrations, crown 8vo, 51. 

THE MOON ; her Motions, As- 
pects, Scenery, and Physical 
Condition. With Plates, CharU, 
Woodcuts, and Lunar Photo- 
graphs, aown 8vo, 5^. 

UNIVERSE OF STARS; Pre- 
senting Researches into and New 
Views respecting the Constitution 
of the Heavens. With 22 Charts 
and 22 Diagrams, 8vo. los. 6d, 

LARGER STAR ATLAS for 
the Library, in 12 Circular Maps, 
with Introduction and 2 Inclex 
Pages. Folio, 15^., or Maps 
on^, I2s. 6d. 

NEW STAR ATLAS for the 
Library, the School, and the Ob- 
servatory, in 12 Circular Maps 
(with 2 Index Plates). Crown 
8vo, 5^. 

THE STUDENTS ATLAS. 
In la Circular Maps on a Uni- 
form Projection and i Scale, 
with 2 Index Maps. Intended as 
a vade-mecum tor the Student 
of History, Travel, Geography, 
Geology, and Political Economy. 
With a letter-press Introduction 
illustrated by several cuts. 5/. 

OLD AND NEW ASTRO- 
NOMY. In la Parts. Price zs. td. 
each; supplementary section, is. 
(in course of publication) ; com- 
plete, 36J. cloth. [Nearly ready. 



STUDIES OF VENUS-TRAN- 
SITS ; an Investigation of the 
Circumstances of the Transits of 
Venus in 1874 and 1882. With 7 
Diagrams and 10 Plates. 8vo, 5^. 

ELEMENTARY PHYSICAL 
GEOGRAPHY. With 33 Maps 
and Woodcuts. Fcp. 8vo, is. 6d. 

LESSONS IN ELEMENTARY 
ASTRONOMY; with Hints for 
Young Telescopists. With 47 
♦ Woodcuts. Fcp. 8vo, is. td. 

FIRST STEPS IN GEOME- 
TRY : a Series of Hints for the 
Solution of Geometrical Pro- 
blems; with Notes on Euclid, 
useful Working Propositions, and 
many Examples. Fcp. 8vo^ 3;. 6d. 

EASY LESSONS IN THE 
DIFFERENTIAL CALCU- 
LUS : indicating from the Outset 
the Utility of the Processes called 
Differentiation and Integration. 
Fcp. 8vo, 2s. 6d, 

THE STARS IN THEIR SEA- 
SONS. An Easy Guide to a 
Knowledge of the Star Groups, in 
12 Large Maps. Imperial 8vo, 5^. 

STAR PRIMER. Showing the 
Starry Sky Week by Week, in 24 
Hourly Maps. Crown 4to, 2s. 6d. 

THE SEASONS PICTURED 
IN 48 SUN VIEWS OF THE 
EARTH, and 24 Zodiacal Maps, 
&C. Demy 4to, 5^. 

ROUGH WAYS MADE 
SMOOTH. Familiar Essays on 
Scientific Subjects. Crown 8vo,5j. 

HOW TO PLAY WHIST: 
WITH THE LAWS AND ETI- 
QUETTE OF WHIST. Crown 
8vo, 3x. 6d. 

HOME WHIST : an Easy Guide 
to Correct Play. l6mo, is. 

[CeHtiHued 
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PROOTOR.— WORKS by RICHARD A. PROCTOR-^ofiiinued. 

PLEASANT WAYS IN 
SCIENCE. Crown 8vo, 5/. 

MYTHS AND MARVELS OF 



OUR PLACE AMONG INFI- 
NITIES. A Series of Essays 
contrasting our Little Abode in 
Space and Time with the Infini- 
ties around us. Crown 8vo, 5J. 

STRENGTH AND HAPPI- 
NESS. Crown 8vo, 5^. 

STRENGTH: How to get Strong 
and keep Strong, with Chapters 
on Rowing and Swimming, Fat, 
Age, and the Waist. With 9 Il- 
lustrations. Crown 8vo, 2j. 

THE EXPANSE OF HEAVEN. 
Essays on the Wonders <5f the 
Firmament. Crown 8vo, 5^. 

THE GREAT PYRAMID, OB- 
SERVATORY, TOMB, AND 
TEMPLE. With Illustrations. 
Crown 8vo, 5^. 



ASTRONOMY. Crown 8vo, 5^. 

CHANCE AND LUCK ; a Dis- 
cussion of the Laws of Luck, 
Coincidences, Wagers, Lotteries, 
and the Fallacies of Gambling, 
&c Crown Svo^ 2s. boards, 
2s, 6d. cloth. 

NATURE STUDIES. By 
Grant Allen, A. Wilson, 
T. Foster, E. Clodd, and 
R. A. Proctor. Crown 8vo, 5/. 

LEISURE READINGS. ByE. 
Clodd, A. Wilson, T. Foster, 
A. C. RuNYARD, and R. A. 
Proctor. Crown 8vo, 5J. 



SCOTT. WEATHER CHARTS AND STORM WARNINGS. 
By ROBERT H. SCOTT, M.A., F.RS. With numerous Illustrations. 
Crown 8vo, 6s. 

8LING0 AND BROOKER. ELECTRICAL ENGINEERING 
FOR ELECTRIC LIGHT ARTISANS AND STUDENTS. 
(Embracing those branches prescribed in the Syllabus issued by the City and 
Guilds Technical Institute.) By W. Slingo, Principal of the Tel^raphists' 
School of Science, &c., &c., and A. Brooker, Instructor on Electrical 
Engineering at the Telegraphists* School of Science. With 307 Illustrations. 
Crown 8vo, price lar. 6d, 



SMITH. GRAPHICS; OR, THE ART OF CALCULATION 

BY DRAWING LINES, applied to Mathematics, Theoretical Me- 
chanics and Engineering, including the Kinetics and Dynamics of Machinery, 
and the Statics of Machines, Bridges, Roofs, and other Engineering Structures. 
By ROBERT H. SMITH, Professor of Civil and Mechanical Engineering. 
Mason Science College, Birmingham. 

Part I. Text, with separate Atlas of Plates— Arithmetic, Algebra, 
Trigonometry, Vector, and Locor Addition, Machine Kinematics, and Statics 
of Flat and Solid Structures. 8vo, 15^. 



THORPE. A DICTIONARY OF APPLIED CHEMISTRY. 
By T. E. Thorpe, B.Sc (Vict.), Ph.D., F.R.S., Trcas. C.S., Professor of 
Chemistry in the Royal College of Science, London. Assisted by Eminent 
Contributors. 3 vols., ;f 2 2s. each. [ P'o/s, I, and IT, natv ready* 
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TYNDALL.^jr^^A'^ by JOHN TYNDALL, F.R.S., &r»c. 
FRAGMENTS OF SCIENCE. 2 Vols. Crown 8vo, i6j. 
HEAT A MODE OF MOTION. Crown 8vo, i2j. 
SOUND. With 204 Woodcuts. Crown 8vo, icw. 6^. 
RESEARCHES ON DIAMAGNETISM AND MAGNE-CRYS- 

TALLIC ACTION, including the question of Diamagnetic Polarity. 

Crown 8vo, \25, 
ESSAYS ON THE FLOATING-MATTER OF THE AIR 

in relation to Putrefaction and Infection. With 24 Woodcuts. Crown 8vo, 

7/. (id, 

LECTURES ON LIGHT, delivered in America in 1872 and 1873. 
With 57 Diagrams. Crown 8vo, 5J. 

LESSONS IN ELECTRICITY AT THE ROYAL INSTITU- 
TION, 1875-76. With 58 Woodcuts. Crown 8vo, 2J. 6^. 

NOTES OF A COURSE OF SEVEN LECTURES ON 
ELECTRICAL PHENOMENA AND THEORIES, delivered at 
the Koyal Institution. Crown 8vo, if. sewed, i^. 6^. cloth. 

NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 

delivered at the Royal Institution. Crown 8vo, if. sewed, \s, Sd. cloth. 
FARADAY AS A DISCOVERER. Fcp. 8vo, y. 6d. 



WATTS' DICTIONARY OF CHEMISTRY. Revised and entirely 
Re-written by H. FORSTER MORLEY, M. A., D.Sc, Fellow of, and lately 
Assistant-Professor of Chemistry in. University College, London ; and M. M. 
PATTISON MUIR, M.A., F.R.S.E., Fellow, and Pralector in Chemistry, 
of Gonville and Caius College, Cambridge. Assisted by Eminent Contributors. 
To be Published in 4 Vols. 8vo. Vols. I. II. 42s, each, [Now ready. 



WEBB. CELESTIAL OBJECTS FOR COMMON TELESCOPES. 
By the Rev. T. W. Webb, M.A. Fourth Edition, adapted to the Present 
State of Sidereal Science ; Map, Plate, Woodcuts. Crown 8vo, price 95. 



WILLIAMS. MANUAL OF TELEGRAPHY. By W. WILLIAMS, 
Superintending Indian Government Telegraphs. With 93 Woodcuts. 8vo, 
lor. dd, 

WRIGHT. OPTICAL PROJECTION : A Treatise on the Use of the 
Lantern in Exhibition and Scientific Demonstration. By LEWIS WRIGHT, 
Author of "Light: a Course of Experimental Optics." With 232 Illustra- 
tions. Crown 8vo, 6j. 
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PHOTOGRAPHY. By Captain W. 
I>B WivsLBSLiB Abnbv, C.B., F.R.S. With 
X05 Woodcuts. Price y, 6d. 

THE STRENGTH OF MATERIALS 
AND STRUCTURES : the Strenj^th of 
Materials as depending on their quality and 
as ascertained by Testing Appar&tas ; the 
Strength of Structures, as depending on 
their form and arrangement, and on the 
materials of which they are composed. By 
Sir J. Anderson, CE., &c With 66 
Woodcuts. Price y. 6d, 

INTRODUCTION TO THE STUDY 
OF ORGANIC CHEMISTRY; the 
CHEMISTRY of CARBON and its COM- 
POUNDS. By Hbnry E. Armstrong, 
Ph.D., F.R.S. With 8 Woodcuts. Price 

ELEMENTS OF ASTRONOMY. 
By Sir R. S. Ball, LL.D.. F.R.S., Royal 
Astronomer of Irebuid. Witn 136 Woodcuts. 
Price fir. 

RAILWAY APPLIANCES. A De- 
scription of Detaik of Railway Construction 
subsequent to the completion of Earthworks 
and Struaures, including a short Notice of 
Railway Rolling Stock. By John Wolfk 
Barry, M.I.CE. With ax8 Woodcuts. 
Price 41. 6d. 

SYSTEMATIC MINERALOGY. By 
Hilary Bauerman, F.G.S. With 373 
Woodcuts. Price dr. 

DESCRIPTIVE MINERALOGY. By 
Hilary Bauerman, F.G.S., &c. Wiih 
336 Woodcuts. Price 6f . 

METALS, THEIR PROPERTIES 
AND TREATMENT. By C L. Bloxam 
and A. K. Huntington. With 130 Wood* 
cuts. Price 5J. 

PRACTICAL PHYSICS. By R. T. 
Glazkbrook, M.A., F.R.S., and W. N. 
Shaw, M. A. With 80 Woodcuts. Price 6r. 

PHYSICAL OPTICS. By R. T. 
Glazbbrook, M.A., F.R.S. With 183 
Woodcuts. Price 6s, 

THE ART OF ELECTRO-METAL- 

LURGY, including all known processes of 
Electro* Depositk>n. By G. Gorb, LL.D., 
F.R.S. With 56 Woodcuts. Price 6r. 

ALGEBRA AND TRIGONOMETRY. 
By William Nathanirl GRiprm, B.I). 
Price V.&/. NOTES ON, with SOLU- 
TIONS of QUESTIONS. Price 31. 6d, 

THE STEAM-ENGINE. By George 
C. V. Holmbs. sia Woodcuts. Price 6r. 

ELECTRICITY AND MAGNETISM. 
By Flbbming Jknkin, F.R.SS. L. & E. 
With 177 Woodcuts. Price 3^. &/. 

6ooa5.9i. 



THEORY OF HEAT. By J. Clekk 
Maxwbll, M.A., LL.D. Edin., F.R.SS. 
L. & E. With 41 Woodcuts. Price y. 6tL 

TECHNICAL ARITHMETIC AND 
MENSURATION. By Charlbs W. 
Mbrrifibld^ F.R.S. Price 3^. 6d, KEY 
Price 3*. td. 

INTRODUCTION TO THE STUDY 
OF INORGANIC CHEMISTRY. By 
William Allbn Millbr, M.D., LL.D., 
F.R.S. With 73 Woodcuts. Price 3«. 6^ 

TELEGRAPHY. By W. H. Preece, 
F.R.S., M.I.CE., and J. Sivewright, 
M.A., CM.G. With 245 Woodcuts. 
Price 6r. 

THE STUDY OF ROCKS, AN 
ELEMENTARY TEXT -BOOK OF 
PETROLOGY. ByFRANKRuTLBV, F.G.S. 
With 6 Plates and 88 Woodcuts. Price 4X. fid, 

WORKSHOP APPLIANCES, indud- 
ing Descriptions of some of the Gauging and 
Measuring Instruments — Hand - Cutting 
ToolS| Lathes, Drilling. Planin|;, and other 
Machme Tools used oy Engineers. By 
C. P. B. Shkllsv, M.I.C.E. With 991 
Woodcuts. Price 41. f)d, 

STRUCTURAL AND PHYSIOLO- 
GICAL BOTANY. By Dr. Otto Wilhelm 
ThomA and A. W. Bennett, M.A^ B.Sc., 
F.L.S. With 600 Woodcuts and a Coloured 
Map. Price 6r. 

QUANTITATIVE CHEMICAL AV- 
ALYSIS. By T. E. Thorpe, F.R.S., 
Ph.D. With 88 Woodcuts. Price 4^. td. 

QUALITATIVE ANALYSIS AND 
LABORATORY PRACTICE. By T. E. 
Tmorkb, Ph. D., F.R.S., and M. M. Patti- 
soN MuiR, M.A. and F.R.S.E. With Plate 
of Spectra and 57 Woodcuut. Price 3f . td. 

INTRODUCTION TO THE STUDY 
OF CHEMICAL PHILOSOPHY ; THE 
PRINCIPLES OF THEORETICAL 
AND SYSTEMATICAL CHEMISTRY. 
By William A. Tildbn, D.Sc. London, 
F.R.S. With 5 Woodcuts. With or with- 
out Answers to Problems. Price 4X. f>d, 

THE ELEMENTS OF MACHINE 
DESIGN. By W. Cawthornk Unwin, 
F.R.S. Part I., General Principles, 
Fastenings, and Transmissive Machi- 
nery. With 304 Diagrams and Illustra- 
tions, price 61. rart II., chiefly on Engine 
details, with 174 Illustrations. Price 44. td. 

PRELIMINARY SURVEY. By 
Theodore Graham Gribbls, Civil £n- 

S'neer. Including Elementary Astronomy, 
oute Surveying, Tacheometry, Curve- 
ranging, Graphic Mensuration. With 130 
Illustrations. Price 6f. 

PLANE AND SOLID GEOMETRY. 
By H. W. Watson, M.A Price 31. 6^^ 
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